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(54) Title: FC FUSION PROTEINS FOR ENHANCING THE IMMUNOGENICS OF PROTEIN AND PEPTIDE ANTIGENS 

' ; (57) Abstract: Disclosed herein are methods and compositions for enhancing the immunogenicity of a preselected protein or peptide 
^ antigen in a mammal. Immunogenicity is enhanced by fusing the preselected antigen to an immunoglobulin heavy chain constant 

region to produce an Fc-antigen fusion protein. The Fc-antigen fusion proteins bind Fc receptors on the surface of antigen presenting 
Q cells, thereby targeting the antigen to the antigen presenting cells in the mammal. In addition, disclosed is a family of adjuvants, 
£^ for example, an Fc-adjuvant fusion protein, for use in combination with the Fc-antigen fusion proteins to enhance or modulate a 

particular immune response against the preselected antigen. 



WO 01/07081 



PCT/US00/19816 



Fc Fusion Proteins For Enhancing The Immunogenicity 
Of Protein And Peptide Antigens 



This application claims priority to, and the benefit of U.S.S.N. 60/144,965, filed July 21, 
1999, the disclosure of which is incorporated by reference herein. 

Field of the Invention 

The present invention relates generally to methods and compositions for 
5 enhancing the immunogenicity of a preselected protein or peptide antigen in a mammal. 
More particularly, the invention relates to methods and compositions including nucleic 
acids encoding, and amino acid sequences defining fusion proteins containing an 
immunoglobulin heavy chain constant region and a preselected antigen, wherein the 
preselected antigen in the fusion protein is capable of eliciting a stronger immune 
10 response in the mammal relative to the preselected antigen alone. 

Background of the Invention 

Vaccine development traditionally has focused on the generation of protective 
antibodies capable of neutralizing infectious agents. To date, the agents used as vaccines 
typically include inactivated or attenuated microorganisms (for example, bacteria or 

15 viruses), their products (for example, toxins), or purified antigens. With the advent of 
modern molecular biology and gene cloning methodologies, it has been possible to make 
purer, and apparently more specific vaccines. Furthermore, knowledge of the immune 
system at a molecular level has permitted the isolation and characterization of immune 
responses stimulated by infectious agents. Two components of the immune system 

20 believed to be central to the successful generation of immune responses include: the 
pivotal roles of regulatory and cytotoxic T cells; and the manner by which an antigen is 
presented to these cells by an antigen presenting cell (APC). See, for example, W. E. 
Paul, ed. (1993) Fundamentals Of Immunology, Raven Press, Ltd., New York. 

Typically, a protein or peptide antigen received from the outside of an APC 
25 (exogenous antigen) is degraded within an endocytic vesicle or endosome of the APC, 
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whereupon the resulting peptide fragments form a complex with major histocompatability 
class (MHC) class II proteins. The resulting complex moves to the cell surface where it is 
displayed to immune cells neighboring the APC. The peptide fragment fits into a groove 
defined by the MHC molecule, and the complex may be recognized by a T cell expressing 
5 a T cell receptor having binding specificity for the complex. Interaction between a 

peptide-loaded MHC class II molecule and a helper T cell, referred to in the art as a CD4 
T cell, is further stabilized by another interaction between the MHC class II molecule 

itself and a CD4 + receptor on the surface of the T cell. Thus, exogenous antigen which is 
processed within APC cells is presented on the cell surface via a MHC class II molecule. 

10 The MHC class II complex, when presented to CD4 + T cells, results in the CD4 + helper 
cell secreting cytokines that stimulate B cells to produce antibodies against the peptide. 
See, Paul, supra. 

Vaccination with exogenous antigen typically results in a CD4 cell-mediated T 
cell response that generally results in antibody production. Cytotoxic T cells (CTL) 

1 5 typically are not stimulated by such a pathway. Apparently, CTL are stimulated in 

situations where the antigen originates from inside the APC itself (endogenous antigen), 
for example, via production of viral proteins in a virally infected cell or cancer-specific 
proteins in a cancer cell. In fact, in many viral diseases, the generation of CTL is 
believed to be critical in eliminating virus-infected cells, and thus recovery from 

20 infection. 

Studies indicate that endogenous and exogenous antigens are processed 
differently. During synthesis of nascent polypeptides, a portion of the polypeptide is 
degraded by an intracellular structure called a proteosome. Fragments from this process 
complex with newly synthesized MHC class I rather than MHC class II molecules, 
25 whereupon the resulting antigen containing MHC Class I complexes are transported to 
the cell surface. Again, T cells with specificity for the specific peptide fragment bind T 
cells, but in this case, the required co-receptor interaction occurs between MHC class I 
molecule and a CD8 molecule. Accordingly, endogenous antigen on the surface of the 

APC is presented to CD8 + T cells. Although there are some types of CD8 + T cells that 

30 are not cytotoxic, the CD8 + T cells make up the majority of CTL. 
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Accordingly, it appears that the design of a vaccine capable of inducing strong 
CTL responses, requires that the antigenic molecule (generally a protein), either be made 
inside the cell or delivered into the appropriate cellular compartment so that it can enter 
the MHC class I processing pathway. One strategy is to incorporate a gene encoding a 
5 protein or peptide of interest into a virus, and then use the engineered virus as a vaccine 
(Lorenz et al (1999) HUM. GENE THER. 10:623-631). Another strategy is to inject a 
protein-encoding DNA vector into a cell, and then to administer the cell to the animal or 
patient where it is expressed from within the cell, and is then presented on the cell surface 
via MHC class I molecules (Donnelly et al (1997) ANNU. Rev. IMMUNOL. 15:617). A 
10 simpler technique of injecting DNA vectors directly into muscle or skin has been shown 
to induce CTL and/or antibody responses to several antigens (Lai et al (1 988) CRIT. Rev. 
Immunol. 18:449-84 and U.S. Patent No. 5,589,466). Studies have shown that the 
antigen is taken up and processed by APC, where it is presented to the immune system 
(Lai et al, supra). 

1 5 The delivery of exogenous peptides or proteins to the MHC class I pathway has 

been partially successful through use of chemical adjuvants such as Freund's adjuvant, 
and mixtures of squalene and detergents (Hilgers et al (1999) VACCINE 17:219-228), and 
more recently through use of small antigen-coated beads which are phagocytosed by 
macrophages and induce CTL responses via an alternative MHC class I pathway (De 

20 Bruijn et al (1995) EUR. J. IMMUNOL. 25:1274-1285). Furthermore, other methods for 
enhancing immune responses to an antigen may include the use of chemical adjuvants in 
combination with recombinant immunostimulatory cytokines, for example, EL-2, IL-12, 
GM-CSF, and others. For example, one method employs an anti-hapten antibody fused 
to IL-2 as a way of linking this cytokine to a protein antigen which has been chemically 

25 reacted with the hapten (Harvill et al (1996) J. IMMUNOL. 157:3165). 

Another technique exploits antibody "antigenization" whereby a portion of an 
immunoglobulin variable region is replaced with a peptide antigen. The peptide antigen 
of the hybrid molecule is presented to an APC once the recombinant antibody binds the 
APC via interaction with Fc receptors on the surface of the APC (Lanza et al (1993) 
30 PROC. NATL. ACAD. SCI. USA 90:1 1683-1 1687). An extension of this approach utilizes 
splenic injection of plasmid DNA encoding an "antigenized" immunoglobulin heavy 
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chain, after which spleen-derived B cells secrete the recombinant antibody once an 
immunoglobulin light chain partner is provided. 

Immunogenicity of the antigen delivery system, however, is one of the major 
technical hurdles in modern vaccine development. The goal of vaccination is to elicit a 
strong immune response. However, because the host immune system has evolved to fight 
bacteria and viruses, when bacteria or viruses are used as vectors, the messenger typically 
is destroyed along with the message. Furthermore, strong immune responses to certain 
viral vectors, for example, vaccinia and adenovirus, limit their utility, and it is 
contemplated that similar problems can arise during use of bacterial toxins as protein 
vectors. Likewise, antibody-based "protein vectors" utilizing variable regions that, by 
their very nature, are not considered as "self by the immune system are potentially 
immunogenic. It is contemplated that multiple uses of these carrier molecules can induce 
anti-idiotypic responses thereby precluding their efficacious use. Accordingly, it is an 
object of the present invention to provide a vaccine which produces a strong and long 
lasting immunity against a preselected protein or peptide antigen. 
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Summary of the Invention 

This invention is based, in part, upon the discovery that it is possible to enhance the 
immunogenicity of a preselected peptide or protein antigen in a mammal, by fusing the 
preselected antigen to an immunoglobulin heavy chain constant region. The resulting 
5 fusion protein (also referred to herein as an "Fc-antigen fusion protein" or an "antigen 
fusion protein") or a nucleic acid sequence encoding the fusion protein can then be 
administered to the mammal in the form of a vaccine to elicit an immune response against 
the preselected antigen. Furthermore, it has been discovered that the strength and type of 
immune response elicited against the preselected antigen can be modulated by 
10 administering specific adjuvants together with the Fc-antigen fusion protein or the nucleic 
acid sequence encoding the Fc-antigen fusion protein. 

Accordingly, the invention provides a method for enhancing the immunogenicity of 
a preselected antigen in a mammal. In one aspect, the method comprises administering to 
the mammal an Fc-antigen fusion protein comprising an immunoglobulin heavy chain 

15 constant region linked by a polypeptide bond to the preselected antigen in an amount 
sufficient to elicit an immune response. In another aspect, the method comprises 
administering to the mammal a nucleic acid sequence, for example, a deoxyribose nucleic 
acid (DNA) or ribose nucleic acid (RNA), encoding an Fc-antigen fusion protein 
comprising an immunoglobulin heavy chain constant region fused to the preselected 

20 antigen. The preselected antigen, when part of an Fc-antigen fusion protein (either 
administered as a fusion protein or nucleic acid which then is expressed in the host to 
produce the fusion protein), is characterized as being capable of stimulating an immune 
response in the mammal that is stronger than a comparable amount (for example, by 
weight or by number of molecules) of preselected antigen alone, i.e., preselected antigen 

25 not fused to an immunoglobulin heavy chain constant region. 

Furthermore, immune responses elicited against the preselected antigen of the Fc- 
antigen fusion protein may be enhanced or modulated by administering the Fc-antigen 
fusion protein together with an adjuvant. Although a variety of adjuvants, for example, 
chemical adjuvants, such as Freund's complete adjuvant or an oligonucleotide containing 
30 an unmethylated CpG sequence, may be useful in the practice of the invention, currently 
preferred adjuvants to be used with Fc-antigen fusion proteins comprise a second Fc 
fusion protein (referred to herein as an "Fc-adjuvant fusion protein" or an "adjuvant 



WO 01/07081 PCT/US00/19816 

-6- 

fusion protein") or a nucleic acid encoding such an Fc fusion protein. Preferred Fc- 
adjuvant fusion proteins comprise an immunoglobulin heavy chain constant region linked 
by a polypeptide bond to an adjuvant protein, for example, a cytokine. Preferred 
cytokines useful in the construction of Fc-adjuvant fusion proteins include, for example, 

5 interferon-y (IFN-y), interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin- 1 2 (IL- 1 2), IL- 
1 8, tumor necrosis factor (TNF), granulocyte macrophage colony stimulating factor 
(GMCSF). Another class of Fc-adjuvant fusion protein comprises an immunoglobulin 
heavy chain region fused to an adjuvant moiety corresponding to an extracellular domain 
of a protein that usually is partically or exclusively membrane-bound. For example, 

10 CD40 ligand is fused to an Fc moiety to be used as an enhanced adjuvant protein. 

Co-administration of the Fc-antigen and Fc-adjuvant fusion proteins, either 
simultaneously or one after the other (for example, Fc-antigen followed by Fc-adjuvant or 
Fc-adjuvant followed by Fc-antigen), can be used to modulate the type of immune 
response that is stimulated against the preselected antigen. Two classes of immune 

15 response, termed Thl and Th2, are initiated in response to different stimuli and involve 
different cytokines. Thl mediated immune responses typically are cellular in nature, 
whereas Th2 mediated immune responses typically are humoral in nature. Accordingly, a 
Thl response can be useful in attacking altered cells, such as cancer cells or virus- 
infected cells, whereas a Th2 response can be useful in attacking extracellular agents such 

20 as parasites. Often it is useful to administer cytokines, fused to immunoglobulin heavy 
chain constant regions, to stimulate either a general immune response, or to initiate or 
modulate specific Thl or Th2 responses. 

For example, an Fc-adjuvant fusion protein comprising an immunoglobulin heavy 
chain constant region linked by a peptide bond to GMCSF is a potent general stimulator 
25 of immune responses, including both Thl and Th2 responses. An Fc-adjuvant fusion 
protein comprising IL-12 or IFN-y may be co-administered to stimulate a primarily 
cellular or Thl mediated immune response. Alternatively, an Fc-adjuvant fusion protein 
comprising IL-4 may be administered to stimulate a primarily humoral or Th2 mediated 
immune response. 

30 Furthermore, the choice of a particular cytokine present in an Fc-adjuvant fusion 

protein can influence the class of antibody produced against the preselected antigen of the 
Fc-antigen fusion protein. For example, an IL-12 containing Fc-adjuvant fusion protein 
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can stimulate helper T cells, and the production of the IgG2a class of antibody. 
Alternatively, an IL-4 containing adjuvant fusion protein can stimulate the production of 
the IgE class of antibody. 

As discussed previously, in a preferred embodiment, the method comprises 
administering the Fc-antigen fusion protein or the nucleic acid encoding the Fc-antigen 
fusion protein in combination with an Fc-adjuvant fusion protein. By using two fusion 
proteins, each containing an immunoglobulin heavy chain constant region, it is possible 
to co-localize both the preselected antigen and the adjuvant protein (for example, a 
cytokine) at the same or similar cell types in the mammal. For example, macrophages, B 
cells, granulocytes and dendritic cells express Fc receptors on their cell surface. 
Accordingly, by co-administering Fc-antigen and Fc-adjuvant fusion proteins capable of 
binding Fc receptors, it is possible to co-localize the antigen of the antigen fusion protein 
and the adjuvant of the adjuvant fusion protein at the same cell types. The adjuvant can 
then stimulate, enhance or otherwise modulate the immune response in the vicinity of the 
preselected antigen. 

In this preferred embodiment, the invention uses two distinct forms of localization or 
concentration. First, the invention uses a common moiety that is fused to both the antigen 
and adjuvant, that is concentrated to certain regions of the body. In this way, the effective 
local concentration of the antigen in the neighborhood of the adjuvant is increased. 
20 Second, the invention targets the antigen to the antigen processing and presentation 
machinery of the immune system. The first concentration step may be carried out by 
fusing the antigen and adjuvant proteins to a moiety that results in concentration in some 
part of the body that is accessible to the immune system. The second targeting step may 
be carried out by fusing the antigen protein to any moiety that enhances the delivery to, or 
25 processing by, the antigen presentation system. 

Accordingly, the invention achieves these concentration effects by two alternative 
methods. One method is to construct and administer two different fusion proteins, an 
antigen-localizing protein fusion and an adjuvant-localizing protein fusion. A second 
method is to construct and administer a fusion containing the antigen, the adjuvant, and 
30 the localizing protein. An Fc moiety is an example of a localizing protein. 
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An important feature of the immunoglobulin heavy chain constant region is that, 
unlike the preselected antigen in the Fc-antigen fusion protein, it preferably is non- 
immunogenic or is only weakly immunogenic in the intended recipient. In other words, 
in the Fc-antigen fusion protein the preselected antigen is designed to be more 
5 immunogenic in the recipient than the immunoglobulin heavy chain constant region. 
Similarly, it is contemplated that the Fc-adjuvant fusion protein should also be non- or 
weakly immunogenic in the intended recipient. Immunogenicity of an immunoglobulin 
heavy chain constant region can be reduced, and, in certain cases, eliminated by using 
immunoglobulin constant region sequences derived from, or similar to those present in 

10 the same species as the intended recipient. For example, immunoglobulin heavy chain 
constant regions, preferably of human origin, are used to generate fusion proteins to be 
administered to humans. Similarly, when the intended recipient is a human, the adjuvant 
protein in the Fc-adjuvant fusion protein also preferably is of human origin. By choice of 
suitable amino acid sequences defining immunoglobulin heavy chain constant regions 

15 and adjuvant proteins, it is possible to optimize an immune response directly primarily 
against the preselected antigen. 

In a preferred embodiment, the immunoglobulin heavy chain constant region of 
the Fc-antigen fusion protein comprises an immunoglobulin hinge region, and optionally 
an immunoglobulin constant region domain selected from the group consisting of a CH2 

20 domain, a CH3 domain and a CH4 domain, or a combination thereof. The 

immunoglobulin heavy chain constant region, however, preferably lacks at least a CHI 
domain. Furthermore, the Fc fusion proteins of the invention, preferably lack an 
immunoglobulin heavy chain variable region domain (V H ). When the fusion protein is to 
be administered to a human, the immunoglobulin heavy chain constant region preferably 

25 comprises a hinge region, and a CH2 domain or a CH3 domain, and most preferably 

comprises a hinge region and both a CH2 domain and a CH3 domain. It is contemplated 
that immunoglobulin heavy chain constant regions useful in the practice of the invention 
may be derived from immunoglobulins belonging to any of the five immunoglobulin 
classes referred to in the art as IgA (Iga), IgD (Ig8), IgE (Ige), IgG (Igy), and IgM (lgja). 

30 However, immunoglobulin heavy chain constant regions from the IgG class are preferred. 

It is contemplated that any preselected antigen of interest may be included in the 
Fc-antigen fusion protein of the invention. In a preferred embodiment, the preselected 
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antigen is selected from the group consisting of a prostate-specific membrane antigen, an 
ectodomain of a cytokine receptor, a viral protein, and a cancer or tumor-specific antigen. 

Fc-antigen fusion proteins having a variety of configurations may be useful in the 
practice of the invention. For example, the N-terminus of the preselected antigen may be 
5 linked by a polypeptide bond to the C-terminus of the immunoglobulin heavy chain 
constant region. Alternatively, the C-terminus of the preselected antigen may be linked 
by a polypeptide bond to the N-terminus of the immunoglobulin heavy chain constant 
region. Furthermore, it is contemplated that the Fc-antigen fusion proteins may comprise 
a plurality of one or more preselected antigens, one or more of which may be linked 

10 directly or via a polypeptide linker to each other or to the immunoglobulin heavy chain 
constant region. Furthermore, two or more Fc-antigen fusion proteins may be associated 
together either non-covalently or covalently, for example, through one or more disulfide 
bonds, to produce dimeric or multimeric compositions. It is contemplated that the Fc- 
antigen fusion proteins in the dimeric constructs may be the same or different to one 

15 another. For example, although both Fc-antigen fusion proteins may comprise the same 
immunoglobulin heavy chain constant region, the preselected antigens may differ. It is 
contemplated that similar configurations can be employed with the Fc-adjuvant fusion 
proteins also. 

Furthermore, a variety of nucleic acid sequences encoding Fc fusion proteins may 
20 be useful in the practice of the invention. For example, the nucleic acid sequences may 
encode in a 5' to 3* direction, either the immunoglobulin heavy chain constant region and 
the preselected antigen, or the preselected antigen and the immunoglobulin heavy chain 
constant region. Furthermore, the nucleic acid sequences optionally may also include a 
"leader" or "signal" sequence based upon, for example, an immunoglobulin light chain 
25 sequence fused directly to a hinge region of the immunoglobulin heavy chain constant 

♦ 

region. In a preferred embodiment, when the Fc region is based upon IgG sequences, the 
Fc region encodes in a 5' to 3' direction, at least an immunoglobulin hinge region (i.e., a 
hinge region containing at least one cysteine amino acid capable of forming a disulfide 
bond with a second immunoglobulin hinge region sequence), an immunoglobulin CH2 
30 domain and a CH3 domain. Furthermore, a nucleic acid sequence encoding the Fc- 
antigen fusion proteins may also be integrated within a replicable expression vector that 
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may either express the Fe fusion protein in, for example, a bacterial host, the intended 
recipient, or both. 

It is contemplated that injection of nucleic acid sequences encoding the Fc-antigen 
fusion protein, either alone or in combination with nucleic acid sequences encoding the 

5 Fc-adjuvant fusion protein, may result in the generation of a cellular immune response, a 
humoral immune response, or both. Combinations of nucleic acid- and protein-based 
immunizations (e.g., administration of an Fc-antigen fusion protein before, during or after 
administration of a nucleic acid encoding the Fc antigen fusion protein) may act 
synergistically with one another to elicit stronger immune responses against the 

10 preselected antigen relative to immunization with either the nucleic acid or protein alone. 

The foregoing and other objects, features and advantages of the present invention 
will be made more apparent from the following detailed description, drawings, and claims 
that follow. 
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Brie f Description of the Drawings 

The foregoing and other objects, features, and advantages of the present invention as 
well as the invention itself, may be more fully understood from the following description 
of preferred embodiments, when read together with the accompanying drawings, in 
5 which: 

Figure 1 A-1G are schematic illustrations of exemplary Fc-fusion proteins useful in 
the practice of the invention. Figure 1 A represents an Fc-antigen or Fc-adjuvant fusion 
protein where the immunoglobulin heavy chain constant region 1 is attached to the N- 
terminal end of the antigen or adjuvant 2. Figure IB represents an Fc-antigen or Fc- 
adjuvant fusion protein where the immunoglobulin heavy chain constant region 1 is 
attached to the C-terminal end of the antigen or adjuvant 2. Figures 1C and ID represent 
a dimeric protein wherein either or both of polypeptide chains comprise an Fc-antigen or 
an Fc-adjuvant fusion protein. In Figure 1 C, in at least one polypeptide chain, the 
immunoglobulin heavy chain constant region 1 is attached to the N-terminal end of the 
antigen or adjuvant 2, and in Figure ID, the immunoglobulin heavy chain constant region 
1 is attached to the C-terminal end of the antigen or adjuvant 2. Figure IE represents a 
dimeric protein wherein either or both of the polypeptide chains comprise an Fc-antigen- 
antigen, Fc-adjuvant-adjuvant, Fc-adjuvant-antigen or Fc-antigen-adjuvant fusion protein. 
Figure IF represents a dimeric fusion protein, wherein either or both of the polypeptide 
chains comprise an antigen-Fc-adjuvant or an adjuvant-Fc-antigen fusion protein. Figure 
1 G represents a dimeric fusion protein, wherein either or both of the polypeptide chains 
comprise an antigen-adjuvant-Fc or an adjuvant-antigen-Fc fusion protein. 

Figures 2A-2B are schematic representations of DNA sequences useful in the 
practice of the invention. Figure 2A represents a human Fc fusion protein expression 
25 vector. Figure 2B represents a gene fusion for expression of a mouse IgG 2a Fc fusion 
protein. 

Figures 3 A-3F are graphs showing the effect of chemical and Fc-cytokine adjuvants 
on antibody production in mice immunized with the Fc-antigen fusion protein, mouse Fc- 
human 1L-4 receptor ectodomain (Fc-IL-4R) fusion protein. In Figure 3A, mice were 
30 immunized with Fc-IL-4R and Fc-IL-2 in Freund's complete adjuvant (CFA). In Figure 
3B, mice were immunized with Fc-IL-4R in phosphate buffered saline (PBS). In Figure 
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3C, mice were immunized with Fc-IL-4R in CFA. In Figure 3D, mice were immunized 
with Fc-IL-4R and Fc-IL-2 in PBS. In Figure 3E, mice were immunized with Fc-DL-4R 
and Fc-GMCSF in CFA. In Figure 3F, mice were immunized with Fc-IL-4R and Fc- 
GMCSF in PBS. In Figures 3 A-3F, the squares, diamonds and triangles represent data 
5 derived from three separate mice. The levels of antibodies to an antigen were measured 
by ELISA; the Y-axis indicates the optical density of the ELISA readout. 

Figures 4 A-4D are graphs showing the effect of immunizing mice with a human 
cancer antigen, PSMA, in the form of an Fc-antigen fusion protein using varying amounts 
of Fc-GMCSF as an adjuvant In Figure 4A, mice were immunized with 50 \xg of Fc- 
10 PSMA fusion protein alone. In Figure 4B, mice were immunized with 50 jig of Fc- 
PSMA and 0.05 \ig of Fc-GMCSF as an adjuvant. In Figure 4C, mice were immunized 
with 50 jig of Fc-PSMA and 0.5 |ig of Fc-GMCSF as an adjuvant. In Figure 4D, mice 
were immunized with 50 jxg of Fc-PSMA and 5 \ig of Fc-GMCSF. In Figures 4A-4D, the 
squares, diamonds and triangles represent data derived from three separate mice. 

Figures 5A-5F are graphs comparing the specific antibody responses to the PSMA 
antigen administered either as a native protein (5 A-5C) or as a mouse Fc-PSMA fusion 
protein (5D-5F). In Figure 5 A, mice were immunized with 50 ng of PSMA as an antigen. 
In Figure 5B, mice were immunized with 50 jig of PSMA as an antigen and 0.2 fig of 
GMCSF as an adjuvant. In Figure 5C, mice were immunized with 50 p.g PSMA as an 
antigen and 0.5 ^g of Fc-GMCSF as an adjuvant. In Figure 5D, mice were immunized 
with 50 ng of Fc-PSMA as an antigen. In Figure 5E, mice were immunized with 50 \ig of 
Fc-PSMA as an antigen and 0.2 ^ig GMCSF as an adjuvant. In Figure 5F, mice were 
immunized with 50 |iig of Fc-PSMA as an antigen and 0.5 jig of Fc-GMCSF as an 
adjuvant. In Figures 5 A-5F, the squares, diamonds, and triangles represent data derived 
from three separate mice. The levels of antibodies to an antigen were measured by 
ELISA; the Y-axis indicates the optical density of the ELISA readout. 

Figure 6 is a chart comparing the adjuvant effects of Fc-GMCSF or Fc-F3L co- 
administered with Fc-PSMA on antibody production against human PSMA. All animals 
received 50 jig of Fc-PSMA either alone or in combination with the indicated Fc-cytokine 
30 as an adjuvant. Three mice were tested per experiment. 
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Figures 7A-7B are graphs showing the immunogenicity in individual mice of the Fc- 
EpCAM fusion protein, either alone or in combination with an Fc-GMCSF adjuvant. 
Figures 7A and 7B represent antibody titers measured 7 and 14 days after boost, 
respectively. Boost was given three weeks after the primary immunization. In both 
5 Figures, the open diamonds represent mice immunized subcutaneouly with 10 jxg of Fc- 
EpCAM alone, and the solid triangles represent mice immunized subcutaneouly with 10 
jig of Fc-EpCAM and 1 \xg of Fc-GMCSF as an adjuvant. The levels of antibodies to an 
antigen were measured by ELISA; the Y-axis indicates the optical density of the ELISA 
readout. 

10 Figures 8A-8B are graphs showing the immunogenicity in mice of the EpCAM-Fc 

(reverse orientation of the Fc region and antigen), either alone or in combination with an 
Fc-GMCSF adjuvant fusion protein. Figures 8A and 8B represent antibody titers 
measured 14 days and 21 days (i.e., 7 days after boost) after immunization, respectively. 
In both Figures, the open diamonds represent average titers of three mice immunized with 

15 25 |xg of EpCAM-Fc fusion proteins, and the solid triangles represent mice immunized 
with 25 jig of EpCAM-Fc and 2.5 \ig of Fc-GMCSF as an adjuvant. The levels of 
antibodies to an antigen were measured by ELISA; the Y-axis indicates the optical 
density of the ELISA readout. 

Figure 9 shows a chart for constructing a plasmid vector encoding an EpCAM-Fc- 
20 GMCSF fusion protein. In this case, the antigen EpCAM is fused to the amino terminal 
end of the immunoglobulin heavy chain constant region (Fc region) and the adjuvant 
GMCSF is fused to the carboxy terminal end of the Fc region. 

Figures 10A-10D are graphs showing antibody titers in mice injected with plasmid 
vectors encoding the Fc-EpCAM fusion protein using either PBS or a 25% (w/v) sucrose 

25 solution as a carrier vehicle. Figures 1 0A-10D represent antibody titers recorded 14 days, 
27 days, 55 days and 69 days post initial injection, respectively. Throughout the Figures, 
the open diamonds represent titers for individual mice injected with the Fc-EpCAM 
encoding plasmid in PBS, and the solid triangles represent titers for individual mice 
injected with Fc-EpCAM encoding plasmid in sucrose. The levels of antibodies to an 

30 antigen were measured by ELISA; the Y-axis indicates the optical density of the ELISA 
readout. 
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Figures 1 1 A-l IB are graphs showing the stimulation of 3 H-thymidine incorporation 
in response to in vitro stimulation with antigen of splenocytes isolated from mice 
immunized by DNA vaccination or by protein injection. Figure 1 IB shows an expanded 
view of the data in the lower portion of Figure 1 1 A. Throughout the Figures, the solid 
diamonds represent splenocytes harvested from mice immunized with 100 ^ig of plasmid 
DNA encoding the CMV-Fc-EpCAM fusion protein, the open circles represent 
splenocytes harvested from mice immunized with 100 \ig of plasmid DNA encoding the 
CMV-EpCAM-Fc fusion protein, and the crosses represent splenocytes harvested from 
mice immunized with 10 \ig of Fc-EpCAM protein. The spleens were removed from the 
mice on day 70 after the first injection of plasmid DNA or protein and two booster 
injections at 3 week intervals. 

Figures 12A-B are graphs showing a cytotoxic T lymphocyte (CTL) killing assay 
using splenocytes from plasmid DNA or Fc-EpCAM protein immunized mice. Figure 
12A shows activity of splenocytes against mouse CT26 tumor cells expressing the human 
EpC AM protein. Figure 1 2B shows activity of splenocytes against the parental mouse 
CT26 tumor cells. For both figures, the open diamonds represent splenocytes immunized 
with DNA carrying a (CMV-promoter)-EpCAM construct, open squares represent 
splenocytes from mice immunized with DNA carrying a (CMV-promoter)-Fc-EpCAM 
fusion construct, open triangles represent splenocytes from mice immunized with DNA 
carrying a (CMV-promoter)-EpCAM-Fc fusion construct, and crosses represent 
splenocytes from mice immunized with Fc-EpCAM fusion protein. The CTL assay used 
splenocytes from the immunized mice cultured for five days with 10 U/ml of IL-2. 
Labeled target cells were mixed with the indicated effectors and incubated for four hours. 
The release of radioactivity was used to calculate the percentage of specific lysis. 

Figure 1 3 is a graph showing antibody titers in mice immunized subcutaneously with 
50 ng of Fc-MCSP fusion protein in PBS either alone or in combination with 5 ng of Fc- 
GMCSF as an adjuvant. The solid diamonds represent antibody titers in normal serum 
the open squares represent antibody titers in serum of mice immunized with Fc-MCSP 
fusion protein alone, and the solid triangles represent antibody titers in serum of mice 
immunized with Fc-MCSP fusion protein in combination with an Fc-GMCSF adjuvant. 
The levels of antibodies to an antigen were measured by ELISA; the Y-axis indicates the 
optical density of the ELISA readout. 
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Figures 14A-B are graphs showing antibody titers in mice immunized with Fc-gp41 
pep 626 fusion protein, either alone or in combination with an Fc-cytokine adjuvant. 
Figures 14A and 14B represent antibody titers achieved 7 and 33 days after a second 
boost, respectively. Throughout the Figures, open diamonds represent antibody titers in 

5 mice immunized by intradermal injection with 25 jig Fc-gp41 pep 626 antigen alone, 
open squares represent titers in mice immunized by intradermal injection with 25|ig Fc- 
gp41pep626 antigen in combination with 2.5^ig Fc-GMCSF adjuvant, and solid triangles 
represent antibody titers in mice immunized by intradermal injection with 25)ig Fc- 
gp41pep626 antigen in combination with 2.5jig Fc-IL2 adjuvant. The levels of antibodies 

10 to an antigen were measured by ELISA; the Y-axis indicates the optical density of the 
ELISA readout. 
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Detailed Description of the Invention 

The present invention is directed to the efficient delivery of protein or peptide 
antigens in vivo for inducing humoral (i.e., antibody based) or Th2 cell mediated immune 
responses, cellular or Thl cell mediated immune responses, and in some cases, both types 
5 of immune responses in a mammal. It has now been discovered that it possible to 

enhance the immunogenicity of a preselected protein or peptide antigen in a mammal by 
fusing the preselected antigen to an immunoglobulin heavy chain constant region to 
produce an Fc-antigen fusion protein. The resulting Fc-antigen fusion protein, or nucleic 
acid sequences encoding the Fc-antigen fusion proteins can then be administered to the 
10 mammal, for example, a human, in the form of a vaccine to elicit an immune response 
against the preselected antigen. 

The Fc-antigen fusion protein selectively targets the antigen to antigen presenting 
cells (APCs). Without wishing to be bound by theory, it is believed that the binding of 
the Fc-antigen fusion protein to the APCs is mediated through Fc receptors expressed on 

15 numerous immune cell types, including, for example: dendritic cells; macrophages; B- 
cells; and granulocytes. The Fc-antigen fusion protein when administered to the 
mammal, binds Fc receptors, after which the Fc-antigen fusion protein is endocytosed by 
the APCs. The endocytosed fusion protein, including the preselected antigen, then is 
believed to be degraded into small peptides which are then presented on the cell surface. 

20 The presented peptides then mediate a humoral and/or cellular immune response. The 
particular type of immune response stimulated can be modulated by co-administering the 
Fc-antigen fusion protein with an adjuvant, for example, an adjuvant fusion protein. 

In one mode of administration, an Fc-antigen fusion protein is administered to the 
recipient. In another mode of administration, a nucleic acid sequence encoding the Fc- 

25 antigen fusion protein is administered to the recipient. The preselected antigen, either in 
the administered Fc-antigen protein or as expressed from the administered nucleic acid, is 
more immunogenic than the antigen alone, i.e., antigen not fused by a polypeptide bond 
to an immunoglobulin heavy chain constant region. Furthermore, in certain 
circumstances, sequential administration of fusion protein followed by administration of 

30 nucleic acid encoding the same fusion protein, or alternatively, administration of nucleic 
acid encoding the fusion protein followed by administration of the same fusion protein 
can be used to maximize the immunogenicity of the preselected antigen. It is understood 
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that an optimal immune response is elicited when both components of the Fc-antigen 
fusion proteins are active. In other words, the preselected antigen in the Fc-antigen 
fusion protein is capable of eliciting an immune response and the immunoglobulin heavy 
chain constant region is capable of binding an Fc receptor on the surface of APCs. 

5 Furthermore, as discussed, the strength and type of immune response elicited against 

the preselected antigen can be modulated by co-administering specific adjuvants with the 
Fc-antigen fusion protein and/or the nucleic acid encoding the Fc-antigen fusion protein. 
Although chemical adjuvants, e.g., alum or Freund's complete or incomplete adjuvants, 
may under certain circumstances, for example, in veterinary applications, be useful in the 

10 practice of the invention, their side effects, for example, tissue scarring, can make them 
unacceptable for human use. Accordingly, preferred adjuvants comprise a second Fc 
fusion protein, wherein an immunoglobulin heavy chain constant region is fused to an 
adjuvant protein to produce an Fc-adjuvant fusion protein. As with the Fc-antigen fusion 
proteins, it is understood that an optimal immune response is elicited when both 

15 components of an Fc-adjuvant fusion protein are active. In other words, the adjuvant in 
the Fc-adjuvant fusion protein is capable of modulating an immune response and the 
immunoglobulin heavy chain constant region is capable of binding an Fc receptor on the 
surface of APCs. 

In a preferred embodiment of the invention, both the antigen and the adjuvant are 
20 administered as Fc fusion proteins or nucleic acids encoding such fusion proteins. In 
other words, the antigen is administered as an Fc-antigen fusion protein and the adjuvant 
is administered as an Fc-adjuvant fusion protein. Certain preferred embodiments of Fc 
fusion proteins useful in the practice of the invention are illustrated in Figures 1 A-1G. 

Figure 1 A illustrates an exemplary Fc fusion protein in which the C terminus of 
25 the immunoglobulin heavy chain constant region 1 is connected, either directly or by 

means of a polypeptide linker, to the N-terminus of the preselected antigen or adjuvant 2. 
As used herein, the term "polypeptide linker" is understood to mean a sequence of one or 
more amino acid residues which couple two proteins together. The polypeptide linker 
often is a series of amino acids of about 10-15 residues in length, comprising, for 
30 example, repeating glycine and/or serine residues. Figure 1 B illustrates an exemplary Fc 
fusion protein in which the C terminus of the preselected antigen or adjuvant 2 is 
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connected, either directly or by means of a polypeptide linker, to the N-terminus of the 
immunoglobulin heavy chain constant region 1. 

Figure 1 C depicts a dimeric construct containing two Fc fusion proteins linked 
covalently by means of two disulfide bonds. The dimeric construct comprises two Fc 

5 fusion proteins in which the C-terminus of each immunoglobulin heavy chain constant 
region 1 is linked to the N-terminus of a preselected antigen of adjuvant 2. Similarly, 
Figure ID depicts a dimeric construct containing two Fc fusion proteins linked covalently 
by means of two disulfide bonds. The dimeric construct comprises two Fc fusion 
proteins in which the C-terminus of each preselected antigen or adjuvant 2 is linked to the 

10 N-terminus of the immunoglobulin heavy chain constant region 1. 

Figure IE depicts a dimeric construct containing two Fc fusion proteins linked by 
means of two disulfide bonds. The dimeric construct comprises two Fc fusion proteins in 
which the C-terminus of each immunoglobulin heavy chain constant region 1 is linked, 
either directly or via a polypeptide linker, to the N-terminus of a preselected antigen or 
15 adjuvant 2, the C-terminus of which is attached, either directly or via a polypeptide linker, 
to a second antigen or adjuvant 2\ 

Figure IF depicts a dimeric construct containing two Fc fusion proteins also 
linked by means of two disulfide bonds. The dimeric construct comprises two Fc fusion 
proteins in which the C-terminus of the antigen or adjuvant 2 is linked, either directly or 
20 via a polypeptide linker, to the N-terminus of the immunoglobulin heavy chain constant 
region 1, whose C-terminus is linked, either directly or via a polypeptide linker, to the N- 
terminus of a different adjuvant or antigen 2\ For example, such fusion proteins may 
include, in an N- to C- terminal direction, preselected antigen-immunoglobulin heavy 
chain constant region-adjuvant. 

25 Figure 1 G depicts a dimeric construct containing two Fc fusion proteins also 

linked by means of two disulfide bonds. The dimeric construct comprises two Fc fusion 
proteins in which the C-terminus of the antigen or adjuvant 2 is linked, either directly or 
via a polypeptide linker, to the N-terminus of a different adjuvant or antigen 2\ whose C- 
terminus is linked, either directly or via a polypeptide linker to the N-terminus of the 

30 immunoglobulin heavy chain constant region 1. For example, such fusion proteins may 
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include, in an N- to C- terminal direction, preselected antigen-adjuvant-immunoglobulin 
heavy chain constant region. 

In the practice of the invention, it is generally preferred to place the Fc moiety in 
an N-terminal position relative to the adjuvant moiety. If the adjuvant moiety is placed 
5 N-terminal to the Fc moiety, then the adjuvant-Fc fusion may bind to an adjuvant receptor 
on an immune cell and the Fc moiety will be in the same orientation that is adopted when 
an antibody binds to a cell surface. ADCC or complement fixation may result. However, 
when the Fc moiety is placed N-terminal to the adjuvant moiety, ADCC and complement 
fixation do not appear to result. 

10 The constructs depicted in Figures 1C-1G are illustrated as dimers cross-linked by 

a pair of disulfide bonds between cysteines on adjacent hinge regions. In the drawings 
the disulfide bridges are depicted as linking together the portions of two immunoglobulin 
heavy chain constant regions via the hinge region characteristic of native forms of these 
molecules. While constructs including immunoglobulin hinge regions are preferred, the 
15 invention contemplates that crosslinking at other positions may be chosen as desired. 
Furthermore, in some cases, two or more monomers may associate non-covalently to 
produce dimers or multimers useful in the practice of the invention. 

As used herein, the term "immunoglobulin heavy chain constant region" is used 
interchangeably with the term "Fc region" and is understood to mean the carboxyl- 
terminal portion of an immunoglobulin heavy chain constant region, or an analog or 
portion thereof capable of binding an Fc receptor. As is known, each immunoglobulin 
heavy chain constant region comprises four or five domains. The domains are named 
sequentially as follows: CHl-hinge-CH2-CH3(-CH4). CH4 is present in IgM, which has 
no hinge region. The immunoglobulin heavy chain constant region useful in the practice 
of the invention preferably comprises an immunoglobulin hinge region, and preferably 
also includes a CH3 domain. The immunoglobulin heavy chain constant region most 
preferably comprises an immunoglobulin hinge region, a CH2 domain and a CH3 
domain. As used herein, the term immunoglobulin "hinge region" is understood to mean 
an entire immunoglobulin hinge region or at least a portion of the immunoglobulin hinge 
region sufficient to form one or more disulfide bonds with a second immunoglobulin 
hinge region. 
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It is contemplated that suitable immunoglobulin heavy chain constant regions may 
be derived from antibodies belonging to each of the immunoglobulin classes referred to 
as IgA, IgD, IgE, IgG, and IgM, however, immunoglobulin heavy chain constant regions 
from the IgG class are preferred. Furthermore, it is contemplated that immunoglobulin 
5 heavy chain constant regions may be derived from any of the IgG antibody subclasses 
referred to in the art as IgGl, IgG2, IgG3, and IgG4. 

Immunoglobulin heavy chain constant region domains have cross-homology among 
the immunoglobulin classes. For example, the CH2 domain of IgG is homologous to the 
CH2 domain of IgA and IgD, and to the CH3 domain of IgM and IgE. Preferred 
immunoglobulin heavy chain constant regions include protein domains corresponding to 
a CH2 region and a CH3 region of IgG, or functional portions or derivatives thereof. The 
immunoglobulin heavy chain constant regions, however, preferably lack at least the CH 1 
domain. Furthermore, the Fc-antigen or Fc-adjuvant fusion proteins optionally lack an 
immunoglobulin variable region. In a more preferred embodiment, the immunoglobulin 
heavy chain constant region comprises, in an N to C terminal direction, an 
immunoglobulin hinge region, a CH2 domain and a CH3 domain all of which are based 
on sequences from an IgG molecule. The choice of appropriate immunoglobulin heavy 
chain constant regions is discussed in detail in U.S. Patent Nos. 5,541,087, and 
5,726,044. The choice of particular immunoglobulin heavy chain constant region 
sequences from certain immunoglobulin classes and subclasses to achieve a particular 
result is considered to be within the level of skill in the art. 

It may be useful, in some circumstances, to modify the immunoglobulin heavy chain 
constant region, for example, by mutation, deletion or other changes mediated by genetic 
engineering or other approaches, so that certain activities, such as complement fixation or 
25 stimulation of antibody-dependent cell-mediated cytotoxicity (ADCC) are reduced or 
eliminated. However, it is considered necessary that the immunoglobulin heavy chain 
constant region's ability to bind an Fc receptor is maintained. 

In the practice of this invention, the immunoglobulin heavy chain constant region 
component of the Fc-antigen or Fc-adjuvant fusion proteins preferably is non- 
30 immunogenic or is weakly immunogenic in the intended recipient. The Fc region is 
considered non- or weakly immunogenic if the immunoglobulin heavy chain constant 
region fails to generate a detectable antibody response directed against the 
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immunoglobulin heavy chain constant region. Accordingly, the immunoglobulin heavy 
chain constant region should be derived from immunoglobulins present, or based on 
amino acid sequences corresponding to immunoglobulins present in the same species as 
the intended recipient of the fusion protein. In other words, human immunoglobulin 
5 constant heavy region sequences should be used when the Fc fusion construct (the Fc- 
antigen and/or the Fc-adjuvant fusion protein) is to be administered to a human. 
Nucleotide and amino acid sequences of human Fc IgG are disclosed, for example, in 
Ellison et aL (1982) NUCLEIC ACIDS RES. 10:4071-4079. Likewise, murine Fc 
sequences should be used when the Fc fusion is to be administered to mice. Nucleotide 
10 and amino acid sequences of murine Fc IgG2a are disclosed, for example, in Bourgois et 
at. (1974) EUR. J. BlOCHEM. 43:423-435. The same logic would be applied if the Fc 
fusion proteins were to be administered to other animals including pets, for example, cats 
and dogs, and farm animals, for example, cows and horses. 

As used herein, the term "preselected antigen" is understood to mean any protein 
or fragment thereof, or polypeptide which, either alone or in combination with other 
reagents, is capable of inducing an immune response in a mammal. It is contemplated 
that any preselected antigen of interest may be included in the Fc-antigen fusion protein 
of the invention. In a preferred embodiment, the preselected antigen is selected from the 
group consisting of a prostate-specific membrane antigen (PSMA); an ectodomain of a 
cytokine receptor, for example, an ectodomain of the human IL-4 receptor; a tumor- 
specific antigen (for example, an antigen that is upregulated or is otherwise present at 
elevated levels in a tumor cell relative to a normal cell); and a viral protein, for example, 
a protein encoded by the genome of the human immunodeficiency virus (HIV). 

As used herein, the term "adjuvant" is understood to mean any substance that is 
25 capable of acting as an immunomodulator, by, for example, enhancing an immune 

response (either humoral or cellular) against the preselected antigen. As used herein, the 
term "humoral" immunity is understood to mean immunity mediated by antibodies 
disposed in body fluids, for example, plasma or lymph, whereas the term, "cellular" 
immunity also referred to in the art as "cell-mediated immunity" is understood to mean 
30 immunological reactions initiated by T lymphocytes and mediated by effector T 
lymphocytes and/or macrophages. 
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As discussed previously, a variety of chemical adjuvants, for example, Freund's 
complete adjuvant, may be useful in immunizing non-human mammals. Although widely 
used in animals to generate high titers of antibody or significant cytotoxic T lymphocyte 
(CTL) responses, its side effects, for example, tissue scarring, make it unacceptable for 
5 human use. Therefore, there is a need to induce strong immune responses without the 
accompanying inflammation at the injection site. One distinct advantage of using Fc- 
adjuvant fusion proteins of the invention is the ability to elicit a strong immune response 
without the need of chemical adjuvants such as Freund's adjuvant. 

* 

Preferred adjuvants useful in the practice of the invention comprise an Fc- 
10 adjuvant fusion protein or a nucleic acid encoding the same. Preferred adjuvant proteins 
for inclusion in the Fc fusion proteins include cytokines. As used herein, the term 
"cytokine" is understood to mean any protein or peptide analog or functional fragment 
thereof, which is capable of modulating the activity of immune cells, for example: T 
cells; B cells; macrophages; neutrophils; eosinophils; basophils; dendritic cells; and their 
15 precursors, in a mammal. Preferred cytokines include, for example, IFN-y, IL-2, IL-4, IL- 
12, IL-18, TNF, and GMCSF. The extracellular domain of CD40 ligand is also a 
preferred protein to fuse to Fc to form an Fc-adjuvant. When administered with Fc- 
adjuvant, the antigen in the Fc-antigen fusion protein can elicit an immune response 
which is stronger than when the Fc-antigen fusion protein is administered without the Fc- 
20 adjuvant fusion protein. In some cases, the level of antibody reached after only two 

immunizations of Fc-antigen with Fc-adjuvant is just as high or higher than that achieved 
with Freund's adjuvant, and with no detectable skin reactions. 

As with the immunoglobulin heavy chain constant regions of the Fc-antigen or the 
Fc-adjuvant fusion proteins, the adjuvant protein preferably is non- or is only weakly 
25 immunogenic in the intended recipient. This can be accomplished by incorporating into 
the Fc adjuvant fusion proteins, cytokines defined by amino acid sequences 
corresponding to cytokines isolatable from the same species as the intended recipient. 
For example, when the Fc adjuvant fusion protein is to be administered to a human, the 
adjuvant protein (for example, cytokine) preferably is of human origin. 

30 Co-administration of the Fc-antigen and Fc-adjuvant fusion proteins, either 

simultaneously or one after the other, can be used to modulate the type of immune 
response that is stimulated against the preselected antigen. Two classes of immune 
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response, termed Thl and Th2, are stimulated in response to different types of infection 
and involve different cytokines. Thl mediated immune responses typically are cellular in 
nature, whereas Th2 mediated immune responses typically are humoral in nature. 
Accordingly, a Thl response can be useful in attacking altered cells, such as tumor cells 
5 or virus-infected cells, whereas a Th2 response can be useful in attacking extracellular 
agents such as parasites. Often it is useful to administer cytokines, fused to 
immunoglobulin heavy chain constant regions, to stimulate either a general immune 
response, or to initiate or modulate specific Thl or Th2 responses. 

Furthermore, the choice of a particular cytokine present in an Fc-adjuvant fusion 
10 protein can influence the class of antibody produced against the preselected antigen of the 
Fc-antigen fusion protein. For example, Fc-IL12 stimulates a helper T cell response by 
stimulating the production of what are known as Thl cytokines, for example, IFN-y, IL-2, 
and TNF, which promote potent cellular immunity and the production of the IgG2a class 
of antibody. Conversely, Fc-IL-4 stimulates the production of Th2 cytokines, for 
15 example, IL-5, IL-6, IL-10, and IL-4 which promote humoral immunity. 

As discussed previously, in a preferred embodiment, the method comprises 
administering the Fc-antigen fusion protein or the nucleic acid encoding the Fc-antigen 
fusion protein in combination with an Fc-adjuvant fusion protein. By using two fusion 
proteins, each containing an immunoglobulin heavy chain constant region, it is possible 

20 to co-localize both the preselected antigen and the adjuvant protein (for example, a 

cytokine) at the same or similar cell types in the mammal. For example, macrophages, B 
cells, granulocytes and dendritic cells express Fc receptors on their cell surface. 
Accordingly, by co-administering Fc-antigen and Fc-adjuvant fusion proteins capable of 
binding Fc receptors, it is possible to co-localize the antigen of the antigen-fusion protein 

25 and the adjuvant of the adjuvant fusion protein at the same cellular compartment of 

APCs. The adjuvant can then enhance or otherwise modulate the immune response in the 
vicinity of the preselected antigen. 

Combinations of Fc-cytokines may also be used in a synergistic manner to 
stimulate a general response, and then influence whether a cellular (Thl) or humoral 
30 (Th2) response occurs. For example, Fc-GMCSF is a potent general stimulator of 

immune responses. However, in order to modulate the response further toward cellular or 
Thl mediated immunity, an Fc-IL12 or Fc-IFNy adjuvant protein, for example, can be co- 
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administered with Fc-GMCSF. In order to promote a more humoral or Th2 mediated 
response, an Fc-IL4 adjuvant protein, for example, can be co-administered with Fc- 
GMCSF to module the response toward the generation of Th2 cells. Other Thl - or Th2- 
promoting cytokines, used as fusions to Fc, may also be employed depending on the 
5 precise nature of the physiological response desired. It is contemplated that this general 
approach can also be used to modulate existing pathogenic responses such as 
autoimmunity (a Thl -mediated disease) and allergy (a Th2-mediated disease) by pushing 
the response toward a particular antigen and away from a detrimental one by immunizing 
for a new response of the opposite Th type. 

10 In some circumstances, when immunizing an animal with an Fc-antigen fusion 

protein, it is useful to use nucleic acids as adjuvants. Nucleic acids, for example, 
oligonucleotides containing a cytosine-phosphodiester link-guanosine (CpG) enriched 
sequence can bias an immune response toward a Thl response, and can optionally be 
used in combination with other adjuvants such as cytokines (see, for example, Brazolot et 

15 al (1998) Proc. Natl. Acad. Scl U.S.A. 95:15553-8; Liu et al (1998) Blood 
92:3730-6; and Klinman et al (1997) IMMUNOL. 158:3635-3639). Accordingly, it is 
contemplated that oligonucleotides containing CpG may be co-administered with an Fc- 
antigen fusion to achieve an enhanced and appropriately modulated immune response. 
Such nucleic acid molecules may be of any length, however, nucleotides greater than 8 

20 nucleotides in length are preferred. The nucleic acid sequences preferably comprise the 
sequence CpG, and more preferably the sequence purine-purine-C-G-pyrimidine- 
pyrimidine. where cytosines in the central CpG are unmethylated. The frequency of CpG 
dinucleotides in the adjuvant DNA is preferably at least about 5%, and more preferably 
about 1 0%. For example, a double-stranded form of the oligodeoxynucleotide 

25 TCCATGACGTTCCTGACGTT (SEQ. ID NO. 22) may be used as an adjuvant. 

Depending on the type of immune response that is sought, it may be useful to combine 
the nucleic acid with alum. 

The present invention exploits conventional recombinant DNA methodologies for 
generating the Fc fusion proteins useful in the practice of the invention. The Fc fusion 
30 constructs preferably are generated at the DNA level, and the resulting DNAs integrated 
into expression vectors, and expressed to produce the Fc-antigen or Fc-adjuvant fusion 
proteins of the invention. As used herein, the term "vector" is understood to mean any 
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nucleic acid comprising a nucleotide sequence competent to be incorporated into a host 
cell and to be recombined with and integrated into the host cell genome, or to replicate 
autonomously as an episome. Such vectors include linear nucleic acids, plasmids, 
phagemids, cosmids, RNA vectors, viral vectors and the like. Non-limiting examples of a 
viral vector include a retrovirus, an adenovirus and an adeno-associated virus. As used 
herein, the term "gene expression" or "expression" of an Fc fusion protein, is understood 
to mean the transcription of a DNA sequence, translation of the mRNA transcript, and 
secretion of an Fc fusion protein product. Fc fusion proteins each comprising IL2, CD26, 
Tat, Rev, OSF-2, MG-H3, IgE Receptor, PSMA, or gpl20 have been expressed using 
expression systems of the type discussed herein. The same or similar expression 
constructs are disclosed in U.S. Patent Nos. 5,541,087 and 5,726,044. 

As an alternative to fusion of proteins by genetic engineering techniques, 
chemical conjugation using conventional chemical cross-linkers may be used to fuse 
protein moieties. 

Basic vectors useful in the practice of the invention include a selectable marker, 
for example, a gene encoding dihydrofolate reductase (DHFR), driven by transcriptional 
regulatory sequences, derived, for example, from the SV40 virus, and bacterial plasmid 
sequences for selection and maintenance of the plasmid in £. colL Expression of the Fc- 
fiision protein sequences are driven by promoter and optionally enhancer sequences, for 
example, the cytomegalovirus (CMV) promoter and enhancer sequences. 

If the Fc-fusion protein or the nucleic acid encoding such a fusion protein is to be 
administered to humans, the Fc fusion protein-encoding sequences preferably start in a 5' 
to 3' direction with a "leader sequence" derived, for example, from an antibody light (L) 
chain, fused in frame with at least a portion of an immunoglobulin heavy chain or mutant 
form thereof, preferably from the Fcyl region of the human immunoglobulin gl gene. 
The Fcyl region of the immunoglobulin Fcyl gene preferably includes at least a portion 
of the hinge domain and a CH3 domain, and more preferably includes at least a hinge 
domain, a CH2 domain and a CH3 domain. If the Fc fusion protein is to be administered 
to mice, preferred nucleic acid sequences encoding the immunoglobulin heavy chain 
constant region comprise nucleic acid sequence encoding in an 5' to 3 ' direction, a hinge 

m 

region, a CH2 domain and a CH3 domain from a mouse IgG2a antibody. The carboxyl 
terminus of the immunoglobulin heavy chain constant region, if necessary, is modified at 
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the nucleic acid level for ligation, in-frame, with sequences encoding either the 
preselected antigen (in the case of Fc-antigen) or an immunostimulatory cytokine (in the 
case of an Fc-adjuvant cytokine ). DNA encoding the secretion cassette can be in its 
genomic configuration or its cDNA configuration. 

5 The portion of the DNA encoding the signal sequence preferably encodes a peptide 

segment which directs the secretion of the Fc fusion protein and thereafter is cleaved 
away from the remainder of the Fc fusion protein. The signal sequence of the invention is 
a polynucleotide which encodes an amino acid sequence which initiates transport of a 
protein across the membrane of the endoplasmic reticulum. Signal sequences which are 
10 useful in the invention include antibody light chain signal sequences, e.g., antibody 14.1 8 
(Gillies el ah (1989) J. OF IMMUNOL. METH., 125:191), antibody heavy chain signal 
sequences, e.g., the MOPC141 antibody heavy chain signal sequence (Sakano et al 
(1980) NATURE 286:5774), and any other signal sequences which are known in the art 
(see, for example, Watson (1984) NUCLEIC ACIDS RESEARCH 12:5145). 

Signal sequences have been well characterized in the art and are known typically to 
contain 16 to 30 amino acid residues, and may contain greater or fewer amino acid 
residues. A typical signal peptide consists of three regions: a basic N-terminal region, a 
central hydrophobic region, and a more polar C-terminal region. The central hydrophobic 
region contains 4 to 12 hydrophobic residues that anchor the signal peptide across the 
membrane lipid bilayer during transport of the nascent polypeptide. Following initiation, 
the signal peptide usually is cleaved within the lumen of the endoplasmic reticulum by 
cellular enzymes known as signal peptidases. Potential cleavage sites of the signal 
peptide generally follow the "(-3, -1) rule". Thus a typical signal peptide has small, 
neutral amino acid residues in positions -1 and -3 and lacks proline residues in this 
region. The signal peptidase will cleave such a signal peptide between the -1 and +1 
amino acids. Thus, the signal sequence may be cleaved from the amino-terminus of the 
fusion protein during secretion. This results in the secretion of an Fc fusion protein. 
Signal peptide sequences useful in the practice of the invention are well known in the art. 
See, for example, von Heijne (1986) NUCLEIC ACIDS Res. 14:4683. 

30 • As would be apparent to one of skill in the art, the suitability of a particular signal 
sequence for use in the secretion cassette may require some routine experimentation. 
Such experimentation may include determining the ability of the signal sequence to direct 
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the secretion of an Fc fusion protein and/or determining the optimal configuration, 
genomic or cDNA, of the sequence to be used in order to achieve efficient secretion of Fc 
fusion proteins. Additionally, one skilled in the art is capable of creating a synthetic 
signal peptide following the rules presented by von Heijne, referenced above, and testing 
5 for the efficacy of such a synthetic signal sequence by routine experimentation. The 
terms "signal sequence", "signal peptide," "leader sequence," or "leader peptides" are 
used interchangeably herein 

It is contemplated that a number of different modes of administration of the Fc 
fusion proteins or nucleic acid sequences encoding the fusion protein may be used to 
10 immunize a recipient against a preselected antigen. Two different applications of the 
present invention can be used to generate CTL responses, one based on the injection of 
DNA encoding an Fc-antigen fusion protein, and a second based on administration of Fc- 
antigen fusion protein capable of delivering the protein to the class I MHC pathway. 

The injection of protein antigens typically is used to elicit immune responses in 
1 5 mammals. However, the invention also provides methods of delivering antigen to APCs 
by DNA injection. A commonly used technique is to inject DNA expression vectors, 
encoding an antigenic protein, into muscle. Reports suggest that the protein antigen is 
expressed by muscle cells but that the antigen is not presented to the immune system by 
these cells. Instead, it is believed that specialized APCs, for example, macrophages and 
20 dendritic cells, migrate to the site of injection, pick up and present the antigen through a 
process that has not yet been elaborated. Use of Fc-antigen fusion protein expression 
vectors make this process more efficient because the secreted fusion protein binds more 
efficiently to APCs than native antigen protein. 

One consequence of the DNA injection approach is that it can often result in the 
25 generation of both humoral and cellular responses. Typically, proteins administered 
exogenously have a more difficult time entering the pathway for presentation on MHC 
class I molecules. Nevertheless, administration of the Fc fusion proteins of the invention 
enhance the generation of cytotoxic cells, likely through MHC class I presentation of the 
preselected exogenous antigen. Combinations of DNA immunization and protein 
30 immunization also can work synergistically to first prime the immune system and then 
boost the level of response in the form of both antibody production and cytotoxic cellular 
responses. Co-administration of Fc-adjuvant fusion protein, for example, Fc-IL-2, Fc- 
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GMCSF, Fc-IL-12, and Fc-Flt3 ligand, together with the Fc-antigen fusion protein 
ensures co-localization of the fusion proteins to the same cellular compartment of the 
APCs, thereby stimulating a more potent immune response against the preselected 
antigen. 

5 The compositions of the present invention (i.e., Fc-antigen and/or Fc-adjuvant 

fusion proteins, or nucleic acid sequences encoding such fusion proteins) may be 
provided to an animal by any suitable means, directly (e.g., locally, as by injection, 
implantation or topical administration to a tissue locus) or systemically (e.g., parenterally 
or orally). Where the composition is to be provided parenterally, such as by intravenous, 

10 subcutaneous, ophthalmic, intraperitoneal, intramuscular, buccal, rectal, vaginal, 
intraorbital, transdermal, intracerebral, intracranial, intraspinal, intraventricular, 
intrathecal, intracisternal, intracapsular, intranasal or by aerosol administration, the 
composition preferably comprises part of an aqueous or physiologically compatible fluid 
suspension or solution. Thus, the carrier or vehicle is physiologically acceptable so that 

15 in addition to delivery of the desired composition to the patient, it does not otherwise 

adversely affect the patient's electrolyte and/or volume balance. The fluid medium for the 
agent thus can comprise normal physiologic saline (e.g., 9.85% aqueous NaCl, 0.1 5M, 
pH 7-7.4). 

Preferred dosages of the Fc-antigen fusion protein per administration are within 
20 the range of 50 ng/m 2 to 1 g/m 2 , more preferably 5 ^ig/m 2 to 200 mg/m 2 , and most 

preferably 0.1 mg/m 2 to 50 mg/m 2 . Preferred dosages of the Fc-adjuvant fusion protein 
per administration are within the range of 1 ng/m 2 to 0.1 g/m 2 , more preferably 0.5 ^g/m 2 
to 20 mg/m 2 , and most preferably 10 jig/m 2 to 5 mg/m 2 . Preferred dosages of nucleic 
acids encoding the Fc-antigen or Fc-adjuvant fusion proteins per administration are 
25 within the range of 1 ^ig/m 2 to 100 mg/m 2 , more preferably 20 ng/m 2 to 10 mg/m 2 , and 
most preferably 400 pg/m 2 to 4 mg/m 2 . 

It is contemplated that maximal immunization may be achieved by performing 
numerous separate immunizations, for example, one to three inoculations about 3 weeks 
to six months apart. Furthermore, as discussed above, maximal immune responses can be 
30 achieved under certain circumstances by alternating between the administration of Fc 
fusion proteins, and nucleic acids encoding such Fc fusion proteins. It is contemplated 
that the Fc-antigen fusion protein or the nucleic acid encoding the fusion protein can be 
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administered before, simultaneously with, or after the Fc adjuvant fusion protein or the 
nucleic acid encoding the Fc adjuvant fusion protein is administered to the mammal. It is 
contemplated, however, that the optimal modes of administration, dosages and booster 
regimes may be determined by routine experimentation well within the level of skill in 
5 the art. 

The invention is illustrated further by the following non-limiting examples. 

EXAMPLES 

Example i. Construction ofFc-antigen and Fc-adjuvant Expression Vectors 

In order to properly test the immunogenicity of the Fc fusion proteins in a mouse 
10 model, expression vectors were constructed using nucleic acid sequences encoding mouse 
IgG2a Fc regions. This reduces the risk of the Fc region of each fusion protein inducing 
an immune response in the mammal. Furthermore, mouse cytokines were used as fusion 
partners in Fc-adjuvant fusion constructs because their biological activities can be highly 
species specific. Thus, vectors reported earlier (Lo et al. (1998) PROTEIN ENGINEERING 
15 11 :495-500) were modified (see Figure 2) by replacing the human IgGl Fc sequence with 
sequences from cDNA encoding the mouse IgG2a Fc (U.S. Patent No. 5,726,044). 

The mouse IgG2a Fc sequence was cloned from a mouse spleen cell library by 
polymerase chain reaction (PCR) amplification. The PCR primers contained adapter 
20 sequences for joining a leader sequence at the 5' end, and a unique Sma I/Xma I 
restriction site at the 3 ' end for ligation with sequences encoding either antigens or 
adjuvant cytokines. The antigen and adjuvant (cytokine) sequences were prepared with a 
5* Sma I site and maintaining the reading frames between Fc and antigen or adjuvant 
proteins, and a unique Xho I site positioned just after the translational stop signal. 

25 The resulting DNA construct encoded a light chain leader sequence fused directly 

to the hinge region of mouse IgG2a H chain, and continuing through the mouse IgG2a 
CH2 and CH3 exons and the fusion partner (either the antigen or the adjuvant cytokine). 
Transcription was driven by the CMV promoter/enhancer, which has been found to be 
useful for expression in most cell types- in culture, as well as for expression in muscle and 

30 other cell types following DNA injection in vivo. A selectable dihydrofolate reductase 
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(DHFR) marker gene was included into each vector to facilitate selection of stably 
transfected clones, as were sequences necessary for maintenance of the plasmid DNA in 
E. colL 

The following exemplary Fc-antigen constructs were created by inserting properly 
5 adapted sequences between the unique Sma I to Xho I sites in the vector designated, 
pdCs-muFc, where "mu" indicates that the Fc is of mouse origin: 

The ectodomain (the extracellular portion) of the human IL4 receptor (IL-4R) was 
cloned from human peripheral blood mononuclear cells (PBMC) via PCR amplification. 
The primers used were 5* GTCCCGGGTATGAAGGTCTTGCAGGAGC (SEQ ID NO: 
1) and 5' CCCCTCGAGCTAGTGCTGCTCGAAGGGCTCCCTG (SEQ ID NO: 2), 
which contained the Sma I and Xho I sites, respectively, for insertion into the pdCs-muFc 
vector. The PCR reaction conditions used for this, and the following clonings, were as 
follows. Advantage KlenTaq and Polymerase Mix (Clontech, Palo Alto, CA), and 
specific primers were used to amplify the gene(s) of interest. The reaction mixtures 
contained 10 mM Tris-HCl, pH 8.3, 50 mM KC1, 1 .5 mM MgC12, 0.01 % gelatin (w/v), 
0.2 mM each of dNTPs, and 1.25 units of KlenTaq in a total volume of 100 ml. Thirty 
PCR cycles were performed, each cycle consisting of heat denaturation at 94°C for 1 min, 

annealing at 42°C for 45 sec, and primer extension at 72°C for 1 min. The amplified 
product then was subcloned into an SK vector (Stratagene, San Diego, CA), and its DNA 
sequence verified by standard sequencing methodologies. 

The ectodomain of human prostate specific membrane antigen (PSMA) was 
cloned from the LnCAP prostate carcinoma cell line (ATCC CRL1740) via PCR using 
the primers 5' AAGCTTAAATCCTCCAATGAAGC (SEQ ID NO: 3) and 5* 
CTCGAGTTAGGCTACTTCACTCAAAG (SEQ ID NO: 4), for the sense and anti-sense 
25 strands, respectively. The DNA sequence was verified, and the PCR fragment inserted 
into the pdCs-muFc vector to produce pdCs-muFc-PSMA fusion construct. 

The ectodomain of human EpCAM (also known as KS antigen), an epithelial cell 
surface protein upregulated in most carcinoma cells, was cloned from LnCAP cells via 
PCR using the primers 5 5 CCCCGGGTAAACAGGAAGAATGTGTCTGTG (SEQ ID 
30 NO: 5), and 5' CTCGAGTCATTTTAGACCCTGCATTGAG (SEQ ID NO: 6) for the 
sense and anti-sense strands, respectively. The DNA sequence was verified by standard 
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sequencing methodologies, and the PCR fragment inserted into the pdCs-muFc vector to 
produce the pdCs-muFc-EpCAM fusion construct. Another vector was constructed using 
the EpCAM ectodomain as the N-terminal fusion partner, and in this case the PCR 
product included the natural leader of the EpCAM cDNA and the mature ectodomain 
5 sequence to the boundary of the membrane spanning domain. The 3 ' end of this PCR 
product contained an engineered Afl II site for ligation to the 5 9 Afl II site of the murine 
Fc fragment. The PCR primers used included 5' 
TCTAGAGCAGCATGGCGCCCCCGC (SEQ ID NO: 7) and 5' 
CCTTAAGCACCCTGCATTGAGAATTCAG (SEQ ID NO: 8). In this case, the murine 
10 Fc lacked a 3' insertion site for inserting a fusion protein, but contained a translation 
termination signal at the end of the Fc coding sequence. 

A relatively conserved portion of the membrane-proximal region of HIV gp41, 
extending from a Hind III site to the lysine residue adjacent to the membrane-spanning 
region, was expressed as an Fc fusion protein as an example of a short polypeptide 

15 antigen sequence. Although the protein sequence from the HTV IIIB strain was used, the 
coding sequence was optimized for optimal eukaryotic cell expression by using a codon 
bias of high GC content. A DNA sequence encoding amino acid residues 626 through 
669 having the following sequence: C CCG GGA TCC CTG ATC CAC TCC CTG ATC 
GAG GAA TCC CAG AAC CAG C AA GAG AAG AAC GAG CAG GAG CTG CTG 

20 GAG CTC GAC AAG TGG GCC TCC CTG TGG AAC TGG TTC AAC ATC ACC 

AAT TGG CTG TGG TAC ATC AAG TGA CTCGAG (SEQ ID NO: 9) was synthesized 
chemically and ligated into the pdCs-muFc vector. The amino acid sequence of the fused 

polypeptide was: SLIHSLIEESQNQQEKNEQELLELDKWASLWNWFNITNWLWYIK 
(SEQ ID NO: 10). 

4 

25 Other HTV protein encoding sequences were used to construct Fc-antigen fusion 

proteins as described earlier (U.S. Patent Nos. 5,541,087 and 5,726,044) using the mouse 
IgG2a Fc rather than the original human IgGl Fc. These constructs represent further 
embodiments of the invention. 



30 



A series of Fc-adjuvant (cytokine) fusion proteins comprising the mouse IgG2a Fc 
and several mouse cytokines was constructed in the same manner as for the Fc-antigen 
fusion proteins. The specific cytokines and the cloning primers are discussed below. 
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Mouse IL-2 was cloned from murine peripheral blood mononuclear cells 
(PBMCs) via PCR using the PCR primers (sense) 5' 

GGCCCGGGTAAAGCACCCACTTCAAGCTCC (SEQ ID NO: 1 1), and (antisense) 5' 
CCCTCGAGTTATTGAGGGCTTGTTG (SEQ ID NO: 1 2). 

5 Mouse GMCSF was cloned from murine PBMCs via PCR using the PCR primers 

(sense) 5' CCCGGGAAAAGCACCCGCCCGCTCACCC (SEQ ID NO: 13), and 
(antisense) 5 ' CTCGAGTCATTTTTGGCTrGGTTTTTTGC (SEQ ID NO: 14). 

Mouse FH3 ligand was cloned from murine thymus via PCR using the PCR 
primers (sense) 5' CAAGCTTACACCTGACTGTTACTTCAGC (SEQ ID NO: 15), and 
10 (antisense) 5' CTCGAGTCAAGGCTCTGGGAGCTCCGTGGC (SEQ ID NO: 16). 

Mouse IL-12p35 was cloned from murine PBMCs via PCR using the PCR 
primers (sense) 5' CCCCGGGTAGGGTCATTCCAGTCTCTGG (SEQ ID NO: 17), and 
(antisense) 5' CTCGAGTCAGGCGGAGCTCAGATAGC (SEQ ID NO: 18). 

Mouse IL12 p40 was cloned from murine PBMCs via PCR using the PCR primers 
15 (sense) 5' TCTAGACCATGTGTCCTCAGAAGCTAAC (SEQ ID NO: 1 9), and 
(antisense) 5' CTCGAGCTAGGATCGGACCCTGCAG (SEQ ID NO: 20). 

Ail the PCR products, except for the mouse IL-12 p40, were cloned as Sma I to 
Xho I fragments, analyzed by standard DNA sequencing methodologies, and ligated into 
the pdCs-muFc vector containing murine Fc of IgG2a as its Fc region. The mouse IL-12 
20 p40 PCR product was expressed separately (not as an Fc fusion protein) in a vector 

containing the same CMV promoter enhancer, a light chain leader sequence fused directly 
to the mature mouse p40 subunit of IL-12, and a neomycin resistance gene in place of the 
DHFR selectable marker gene in the pdCs-muFc vector. The resulting vector was called 
pNC-mp40, where the "N" denotes a Neomycin selection gene. 

25 All the plasmid constructs induced synthesis and secretion of the specific fusion 

proteins by transient expression in human kidney 293 cells. Briefly, plasmids were 
introduced into human kidney monolayer cells 293 via co-precipitation with calcium 
phosphate (Sambrook et al (1989) MOLECULAR CLONING - A LABORATORY MANUAL, 
Cold Spring Harbor, N.Y.). The cells were left overnight (16 hr), rinsed with PBS, and 

30 fed with fresh cell culture medium (DMEM containing 1 0% fetal bovine serum (FBS)). 
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After an additional 2-3 days, the culture medium was tested for secreted fusion proteins 
by an Fc specific EL1SA (Gillies etal (1989) J. IMMUNOL. METHODS 125:191) using 
antibodies specific for mouse IgG-Fc protein. In the case of the mouse Fc-IL12, both the 
Fc-p35 and p40 expression plasmid DNAs were transiently expressed in the same cell 
5 culture so that the heterodimeric cytokine fusion protein assembled before secretion out 
of the cell (Gillies et al (1998) J. IMMUNOL. 160:6195). 

Thereafter, stably transfected cells expressing the various Fc fusion proteins were 
generated by introducing linearized DNA into mouse NS/0 myeloma cells by standard 
electroporation techniques. Briefly, cells were suspended in a Gene Pulser Cuvette 

10 (BioRad) at 1 0 7 cells /ml and 0.5 ml of the suspension was mixed with 10 jag of DNA, 
and the mixture chilled on ice for 10 minutes. Electroporation was performed using a 
Gene Pulser (BioRad) with settings of 0.25 V and 500 |iF. Cells were allowed to recover 
on ice for 1 0 minutes, after which they were resuspended in growth medium and 
transferred to 96-well plates. The cells were fed every 2-3 days with selection medium 

15 containing 0. 1 \\M methotrexate beginning 2 days after electroporation. Drug-resistant 
colonies growing in the 96-well plates were tested for expression by the Fc ELISA 
protocol. 

For expression of the mouse Fc-IL12 fusion protein, a transfected cell line of 
NS/0 already expressing the p40 subunit of mouse IL-12 was transfected, as described 
20 above, with the mouse Fc-p35 subunit expression vector. The p40 expressing line was 
obtained by electroporation of NS/0 cells with the pNC-mp40 vector, described above, 
and selection in medium containing the Neomycin analog G418 (Life Sciences 
Technologies). After the second transfection, surviving cell clones were screened by an 
Fc ELISA and a mouse IL-12 ELISA (Genzyme, Cambridge, MA). 

25 The structural integrity of the resulting fusion proteins was tested by SDS- 

polyacrylamide gel electrophoresis (SDS-PAGE). Initially, the fusion proteins were 
bound to a small volume (10-20 fil per ml of media) of protein A Sepharose (Repligen, 
Needham, MA). The bound material was washed with PBS containing Tween-20 
(0.01%), then eluted in gel buffer containing SDS, and then boiling for 2 minutes in the 

30 presence of 5% 2-mercaptoethanol. The reduced proteins then were run on pre-cast SDS- 
PAGE gels and stained with Coomassie blue. Large scale purifications from stable cell 
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clones were performed using protein A Sepharose columns (Repligen, Needham, MA) in 
accordance with the manufacturer's instructions. 

Example 2. Immunozenicity of an Fc-antieen and the Effect of Chemical or Fc- 
cvtokine Adjuvants on Antibody Production 

5 The mouse Fc-huIL-4R alpha subunit construct prepared in Example 1 was used 

as an antigen to test the potential APC-targeting effect of these proteins in an animal 
model. The ectodomain of the IL-4R alpha subunit represents a fairly conserved 
molecule between species, having greater than 50% sequence identity between humans 
and mice. 

10 Groups of mice were injected subcutaneously with 50 jig of the Fc-antigen fusion 

protein (Fc-IL-4R) in either PBS or emulsified in Freund's Complete Adjuvant (CFA). 
Some groups also received a 5 jig dose (mixed with the Fc-IL-4R) of an Fc-adjuvant 
protein of either Fc-IL2 or Fc-GMCSF. Two weeks later, the mice were injected with the 
same mixture but administered to the peritoneal cavity. The CFA formulation creates 

15 micelles which serve to form a source of slow-released antigen, allowing for continuous 
stimulation of the immune system. Mycobacterial proteins in the CFA also induce a 
strong inflammatory response through cytokine stimulation, thereby further enhancing an 
immune response. CFA, however, causes severe side effects including skin damage, 
making it unusable in humans. The mixtures with the Fc-adjuvant fusion proteins in PBS, 

20 however, did not appear to elicit any visible skin reaction or any other overt signs of 
toxicity in any of the animals. 

Two weeks after the boost (i.e., day 28 after the first injection), the animals were 
bled and sera prepared by allowing whole blood to clot in microfuge tubes, spinning out 
cells and clotted material at high speed 12000 RPM for 5 minutes, and recovering the 

25 supernatant. The resulting sera were diluted with assay buffer (PBS containing 0.01% 
Tween-20) and tested for antibodies reactive with human IL-4R. An antigen-specific 
ELISA was performed using 96-welI plates coated with human Fc-huIL-4R (100 |il of 5 
jig/ml in PBS was added to each well and incubated at 4°C (overnight). The antigen 
coated plates then were washed and blocked with blocking buffer (1% BSA, 0.01% 

30 Tween-20 in PBS) prior to use. Dilutions of the test sera were incubated in the wells for 
2 hours at room temperature, and then the wells were washed eight times with assay 
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buffer. Secondary anti-mouse Fc-specific horse radish peroxidase-conjugated antibody 
(1:2000 dilution, Jackson ImmunoResearch) was added, and the plates were incubated for 
another hour. After eight additional washes with assay buffer, a solution of o- 
phenylenediamine dihydrochloride (OPD) containing 25 raM citric acid, 50 mM 
5 Na 2 HP04 5 pH5 and 0.03% freshly added H 2 0 2 , was added. The reaction was stopped 
after about 30 minutes by the addition of 100 \xL of 4N H 2 S0 4 . The resulting plates were 
read at 490 nm in a plate reader which automatically subtracted the background reading at 
650 nm. The results were plotted as optical density versus dilution of antiserum. 
Relative antibody titers were determined by the amount serum had to be diluted before 
10 the optical density fell below an arbitrarily value of, for example, 1 O.D. unit. 

The results of the immunization protocols are shown in Figure 3. Injection of the 
mouse Fc-IL-4R fusion protein alone in PBS by this protocol induced an antibody 
response in only one mouse (Figure 3B). The addition of CFA, however, resulted in 
more mice responding but the titers were roughly the same as the responding mouse 

15 injected with Fc-IL4R fusion protein alone in PBS (Figure 3C). Co-administration of the 
mouse Fc-IL2 adjuvant with Fc-IL4R in PBS induced responses in all animals, however, 
the amount of antibody produced in each case varied (Figure 3D). The combination of 
CFA and the mouse Fc-IL2 adjuvant together (Figure 3 A) resulted in higher antibody 
titers than either agent alone (Figures 3C and 3D). Co-administration of the mouse Fc- 

20 GMCSF adjuvant in PBS induced the strongest immune response of all groups (Figure 
3E), including the group that was immunized with the combination of both the Fc- 
GMCSF adjuvant and CFA (Figure 3F). In other words, the mouse Fc-GMCSF adjuvant 
in PBS, when co-administered with the mouse Fc-EL4R antigen, obviated the need to use 
CFA. It is contemplated that such a method would be more appropriate for use in 

25 humans. 
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Example 3. Effect of Fc-GMCSF Adjuvant Dose on Antibody Produced Against the 
Cancer Antigen. PSMA in the Fc-PSMA Fusion Protein. 

PSMA presently represents an attractive human tumor-associated target antigen 
because of its restricted normal tissue distribution. PMSA currently is being tested in 
5 clinical trials as a tumor vaccine candidate. In this example, the immunogenicity of the 
PMSA antigen in an Fc-PMSA fusion protein was evaluated. 

The mouse Fc-PSMA fusion protein was prepared as discussed in Example 1 . 
Groups of mice were injected subcutaneously with 50 \ig of mouse Fc-PSMA in PBS, 
together with varying concentrations of the Fc-adjuvant fusion protein Fc-GMCSF, and 
10 then boosted by intraperitoneal injection 14 days later. Antibody titers were measured via 
Fc-PSMA antigen capture ELISA, as described in Example 2 for the Fc-IL4R fusion 
protein. The results were plotted in Figure 4 as antibody titer (dilution at which the OD is 
reduced to 1) versus the time after first injection. 

In the absence of Fc-GMCSF, mice had antibody titers against PSMA ranging 
15 from 1 000 to approximately 20,000 (Figure 4 A). Co-administration of as little as 0.05 jig 
of Fc-GMCSF, however, resulted in titers ranging from 30,000 to 140,000 (Figure 4B). 
Ten-fold increases of Fc-GMCSF further stimulated antibody titers to this cancer antigen 
(Figures 4C and 4D). The highest dose given (5 jig of the Fc-GMCSF fusion protein per 
mouse) still only represents about 2 jig of GMCSF per injection - a dose with no apparent 
20 effect on the mouse skin or any systemic signs that the animal has been immunized (see, 
Figure 4D). Furthermore, unlike with CFA, there was no apparent enlargement of the 
spleen. 

Example 4. Effect of Fc-mediated Delivery of PSMA on Antibody Response to 
Immunization 

25 The specific effects of the Fc component of the Fc-antigen and Fc-adjuvant fusion 

proteins were tested by comparing the induced immune responses in mice injected with 
the fusion proteins, the non-fused antigen or adjuvant proteins, or with mixtures of the 
foregoing. The human PSMA system was used for this purpose. 



30 



Unfused PSMA was prepared by proteolytic digestion of human Fc-PSMA fusion 
protein (Lo et al (1998) PROTEIN ENGINEERING 1 1 :495-500) with plasmin in accordance 
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with the manufacturer's instructions. Released Fc and undigested Fc-PSMA were 
removed by adsorption to protein A Sepharose (Repligen, Needham, MA). 

Groups of mice (n=3) were injected with a single subcutaneous dose of 50 ^g of 
PSMA either alone (Figure 5 A), or in combination with 0.2 ng free GMCSF (Figure 5B) 
or with 0.5 \ig Fc-GMCSF (Figure 5C) (0.5 ng of Fc-GMCSF contains about 0.2 \ig of 
GMCSF). In another set of mice each mouse was injected with one subcutaneous dose of 
50 |ig of mouse Fc-PSMA fusion protein alone (Figure 5D), or together with 0.2 ^xg free 
GMCSF (Figure 5E) or with 0.5 ng Fc-GMCSF (Figure 5F). All injection formulations 
were in PBS without chemical adjuvant. Antibodies reactive with mouse Fc-PSMA were 
measured on day 1 4 after immunization. 

The importance of the Fc component of the Fc-antigen fusion protein in the Fc- 
PSMA fusion protein for the immunogenicity of PSMA was striking when animals were 
injected with PBS formulations without chemical adjuvants. There was essentially no 
primary immune response to the PSMA administered in PBS (Figure 5A). The addition 
of GMCSF or Fc-GMCSF to the immunization had very little effect (Figures 5B and 5C), 
except for a weak response in one animal (Figure 5B). In contrast, animals injected with 
Fc-PSMA alone showed strong primary immune responses in all cases (Figure 5D). The 
addition of free GMCSF to Fc-PMSA boosted the effect slightly (Figure 5E), but co- 
administration of both antigen and cytokine as Fc fusion proteins gave the highest level of 
response (Figure 5F). 

These results indicate that the combination of Fc-antigen and Fc-adjuvant is 
particularly useful in generating an immune response and show the apparent benefit of 
co-localizing the antigen and stimulatory cytokine in vivo, presumably to the APCs. 

Example 5. Comparison of the Adjuvant Effects of the Fusion Proteins Fc-GMCSF or 
25 Fc-Flt3L 

The ligand for Flt3, also referred to in the art as Flt3 ligand (Flt3L), has been 
shown to play a critical role on the generation and maturation of dendritic cells (Soligo et 
al (1998) BR. J. Haematol. 101 :352-63. Dendritic cells, along with tissue macrophage 
cells, are believed to be the most important APC. Studies in mice have shown that daily 
30 injections for 10 days increase the number and APC activity of dendritic cells recoverable 
from lymph tissue and spleen, and that these cells are extremely potent at presenting 
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antigen to both CD4 and CD8 T cells. The Langerhans cells of the skin are believed to 
represent one type of dendritic cell capable of presenting antigen after uptake and 
migration to local lymph nodes. Because it is believed that most dendritic cells do not 
express the array of Fc receptors typically found on macrophage (e.g. FcyRI), it could not 
5 be predicted whether the co-localizing effect of Fc fusion proteins would involve this 
lineage of APC. 

To test whether Flt-3L could function as an adjuvant, groups of mice were 
injected with mouse Fc-PSMA and mouse Fc-FLt3L, rather than using the mouse Fc- 
GMCSF fusion protein (a potent stimulator of macrophage and granulocytes). In this 
10 case, any adjuvant effect was expected to be mediated via activation and uptake by 
dendritic cells, which would ultimately result in an antibody response to PMSA. The 
results are summarized in Figure 6. 

This study indicates that mouse Fc-Flt3L is a powerful adjuvant that stimulates 
anti-PSMA antibodies as well as, if not better than, the same dose of Fc-GMCSF. The 
15 results support the observation that a combination of an Fc-antigen and an Fc-adjuvant 
can be particularly potent in inducing an immune response. The results also show that 
dendritic APC apparently can be targeted with Fc-antigen and Fc-cytokine as well as 
macrophage APC, suggesting that at least one form of Fc receptor is present on these 
cells. 

20 Example 6. Immune Responses to Fc-EpCAM and EpCAM-Fc Fusion Proteins 

Another potentially important human cancer antigen, EpCAM (also called KSA 
and 17-1 A antigen), was produced as a fusion protein with a mouse IgG2a Fc region 
using the plasmids and methods as described in Example 1 , and was administered either 
alone, or in combination with Fc-GMCSF as an adjuvant. Mice were injected 

25 subcutaneously, and boosted after 3 weeks with 10 |ig of Fc-EpCAM and 1 |ig of Fc- 
GMCSF in PBS. Control mice did not receive Fc-GMCSF. Titers of antibodies directed 
against EpCAM were measured 7 days (Figure 7A) and 14 days (Figure 7B) after the 
boost. The results indicate that Fc-EpCAM, when administered alone, is a potent 
immunogen (open diamonds), and that Fc-GMCSF can further boost the response to this 

30 antigen (closed triangles). 
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In addition, the EpCAM antigen was expressed in the reverse orientation with 
respect to the Fc fragment as EpCAM-muFc (see Example 1, Figure IB). This molecule 
was used to immunize Balb/c mice by subcutaneous injection. Higher doses of EpCAM- 
Fc fusion protein were used (25 \ig per dose), and the amount of adjuvant (2.5 |_tg Fc- 
5 GMCSF) was increased also. Titers of antibodies directed against EpCAM were 
measured 14 days (Figure 8 A) and 21 days (Figure 8B) after immunization. The 
EpCAM-Fc fusion protein alone was quite immunogenic in the absence of Fc-GMCSF 
(Figures 8A and 8B, (open diamonds)). The addition of the Fc-cytokine improved 
antibody titers by about 3-fold (Figure 8A and 8B, (solid triangles)). 

10 In order to test whether the immune response against EpCAM could protect 

mammals from tumor cells expressing this antigen, non-immunized mice or those 
immunized with EpCAM-Fc fusion protein (and in some cases Fc-cytokines) were 

injected in the tail vein with 10 5 CT26 mouse colon cancer cells transfected with human 
EpCAM (Gillies et al. (1998) J. IMMUNOL. 160:6195). Twenty one days later, the 

15 animals were sacrificed and the extent of lung metastases estimated by (1 ) staging in 
terms of lung surface coverage; and (2) by weighing the lungs and comparing them to 
normal animal lungs to determine the differential weight increase attributable to tumor 
mass. Results summarized in Table 1 show that all of the immunized mice showed 
statistically significant reductions in tumor metastases compared to the control mice, 

20 including animals immunized with the EpCAM-Fc fusion protein alone. Similar results 
were achieved using the Fc-EpCAM fusion protein as the antigen. 
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Control 


4, 4, 4,1,1, 


4 12+/- 130 


EpCAM-Fc 


0,0,0,0,0 


210+/-21 


EpCAM-Fc + Fc-GM 


0, 0, 0, 0, 0 


240+/- 19 


EpCAM-Fc + Fc-IL2 


0, 0, 0, 0, 0 


230+/-19 



Metastatic scores were based on surface coverage of lungs using the following 
rankings: 1 = 1-25% coverage; 2 = 26-50% coverage; 3 = 51-75% coverage; and 4 = 76- 
5 100% coverage. 

Example 7. Combination ofAntieen-Fc and Cytokine Adjuvant in a Single Fusion 
Protein 

The protein described in Example 6, EpCAM-Fc, exemplifies an N-terminal 
antigen, linked to an immunoglobulin Fc region as the carboxyl protein domain. This 
10 protein, and others like it, can be co-administered with Fc-adjuvant fusion proteins, e.g., 
Fc-cytokines, to boost the immune response to the antigen. Alternatively, the antigen, the 
immunoglobulin heavy chain constant region and the adjuvant protein (for example, 
cytokine) can be produced as a single fusion protein, for example, as an EpCAM-Fc- 
GMCSF fusion protein. 

15 The expression plasmid for this protein was constructed using the murine IgG2a 

Fc and GM-CSF sequences so the construct could be evaluated in a mouse model. A 
small Xba I to Sma I fragment containing the leader-EpCAM-Fc coding sequences was 
obtained from the original EpCAM-Fc expression vector (Example 1) and ligated into the 
large Sma I to Xba I fragment of the Fc-GMCSF expression vector (Figure 9). 

20 The resulting vector, pdCs-EpCAM-Fc-GMCSF, was introduced into 293 cells 

using the calcium phosphate precipitation method, for transient expression, and into NS/0 
cells by electroporation for stable expression. Stable transfectants were selected by 
culturing the cells in medium containing methotrexate (0.1 \iM). Expressing clones were 
identified by Fc ELISA (see Example 1) and high-level producers were expanded in 

25 culture. The EpCAM-Fc-GMCSF protein was purified from conditioned media by 
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binding to, and elution from protein A Sepharose (Repligen, Needham, MA), and 
structural integrity was analyzed by SDS-PAGE following reduction with 
2-mercaptoethanol. The results indicated that the protein had a molecular weight of about 
90 kD, as expected for a single-chain fusion of EpCAM, Fc and GMCSF. 

5 In order to compare the relative immunogenicity of the combined fusion protein, 

mice are injected subcutaneously with equivalent doses of EpC AM-Fc-GMCSF, and the 
individual fusion proteins in combination: EpCAM-Fc and Fc-GMCSF. The same 
injections are given 14 days later and serum samples tested for specific antibody 
reactivity to human EpCAM 7 days after the boost. The same approach may be used for 
10 other protein or peptide antigens as well as for other stimulatory cytokines, such as IL-2, 
IL-12and Flt3L. 

Example 8. Immunization with Fc-antieen by DNA Injection. 

The same expression vectors used for transfection and production of mouse Fc- 
EpCAM and EpCAM-Fc in mammalian cells (see Example 1) were injected as "naked" 

15 plasmid DNA into the hind leg muscle of groups of Balb/c mice. DNA was injected at a 
concentration of 0.5 mg/ml and a total amount of 100 \xg was administered in either PBS 
or a solution of 25% (w/v) sucrose. Injections were repeated every 3 weeks for a total of 
3 injections. Antibody responses were measured at varying times and were quantitated by 
ELISA using human Fc-EpCAM coated 96- well plates for capture, and using an HRP- 

20 conjugated anti-mouse Fc specific polyclonal antibody (Jackson ImmunoResearch) for 
detection. The data presented in Figure 10 represents antibody titers recorded 14 days 
(Figure 10A), 27 days (Figure 10B), 55 days (Figure 10C) and 69 days (Figure 10D) post 
injection. 

The results presented in Figure 10 indicate that low titers of specific anti-EpCAM 
25 antibody were induced during the first month using both formulations (Figures 10A and 
1 0B). Much higher titers were obtained by day 55 (Figure 1 0C), and even higher levels 
by day 69 (Figure 10D). Similar results were obtained using DNA injection of a vector 
expressing EpCAM-Fc, although the titers were lower. These data show that an antigen 
expressed as a fusion molecule comprising a protein antigen and an immunoglobulin Fc 
30 region can induce an immune response when introduced by injection of naked DNA, and 
that persistent antigen exposure leads to delayed responses in most animals. 
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Cellular immune responses were tested by culturing splenocytes from DNA 
vaccinated or protein immunized mice (70 days after injection) stimulated with different 
concentrations of Fc-EpCAM protein in vitro. The data present in Figure 1 1 (top panel) 
indicate proliferative response (as measured by 3 H-thymidine incorporation) to antigen in 
animals immunized with either Fc-EpCAM protein (crosses) or DNA vaccination with 
CMVpromoter-EpCAM-Fc (open circles) or CMVpromoter-Fc-EpCAM (closed 
diamonds) expression vectors. The protein immunized animals showed much greater 
responses to antigen, even at very low doses. The responses from DNA vaccinated 
animals (also shown on a different scale in the bottom panel of Figure 11) were dose- 
dependent but were lower in magnitude than the protein injected mice. These responses 
were characteristic of MHC class II restricted CD4 + T cell responses. 

In order to test for cytotoxic activity (generally indicative of MHC class I 
restricted T cell responses), splenocyte cultures from the DNA or protein immunized 
mice were cultured for 5 days in the presence of about 10 U/ml of IL-2. The effector cells 
were the cultured splenocytes, and the target cells were either labeled human EpCAM- 
expressing CT26 colon carcinoma cells (syngeneic for Balb/c mice), or labeled parental 
(untransfected CT26 cells). The effector and target cells were mixed at different ratios 
and the extent of lysis was determined. The value of 100% lysis was achieved by 
incubating the labeled target cells in the presence of detergent and the amount of released 
label measured.. 

The results are presented in Figure 12, where Figure 12A shows the activity of 
splenocytes against CT26 cells expressing human EpCAM, whereas Figure 12B shows 
the activity of splenocytes against parental CT26 cells. For both figures, the open 
diamonds represent splenocytes isolated from mice immunized with DNA carrying an 
EpCAM construct, open squares represent splenocytes isolated from mice immunized 
with DNA carrying an Fc-EpCAM fusion construct, open triangles represent splenocytes 
isolated from mice immunized with DNA carrying a EpCAM-Fc fusion construct, and 
crosses represent splenocytes isolated from mice immunized with Fc-EpCAM fusion 
proteins. 

Figure 12 shows that although DNA vaccination generated weak cytotoxic 
responses against both target cells, significantly higher cytotoxicity was seen in the 
protein-immunized mice. Both the parental CT26 tumor cells and the CT26 tumor cells 
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expressing EpCAM were killed in the assay. The cytotoxicity observed against parental 
CT26 cells may be because these cells can express high levels of the mouse EpCAM 
homologue which is about 81% identical to the human protein at the amino acid level. 
Nevertheless, the Fc-EpCAM protein immunization did generate significant cytotoxic 
5 activity against CT26 tumor cells expressing human EpCAM, thereby explaining the 
potent tumor-protective activity described in Example 6. 

Example 9. Immunization With An Fc-Fusion Protein Containing a Sub-region of a 
Protein Cancer Antigen. 

Although some whole proteins may not be useful as antigens for immune therapy, 
smaller sub-regions of the proteins may be far more effective. For example, proteins may 
contain domains that are modified post-translationally to make them less immunogenic, 
thereby reducing immune reactivity to the actual polypeptide components. Large proteins 
may induce antibodies that react only with non-polypeptide portions of the antigen and 
that do not mediate antibody-dependent cellular cytotoxicity (ADCC), a potentially 
important component of anti-tumor immune responses. A good example of this situation 
is exemplified by the human melanoma-specific chondroitin sulfate proteoglycan (MCSP) 
antigen, which is expressed on virtually all melanomas as well as several types of brain 
cancer. This protein is heavily glycosylated and is further modified by attachment of 
several glycosaminoglycan chains. An antibody known as 9.2.27 (Bumol et al (1982) 
PROC. NATL. ACAD. SCI. 79:1245-1249), binds this protein with high affinity, but does 
not mediate any effector function, either ADCC or complement mediated cytotoxicity 
(CDC). Even partially humanized (chimeric) forms of this antibody fail to mediate such 
activities. 

In order to elicit more focused responses to more optimal target regions of this 
25 large molecule, the putative glycan attachment sites in the protein sequence were 

identified. (Pluske et al (1996) PROC. Natl. ACAD. SCI. USA 93:9710-9715). A sub- 
region not far from the cell surface membrane spanning sequence, and some distance 
away from the glycan attachment sites was selected. 

The peptide sequence: 

30 QGATLRLDPTVLDAGELANRTGSVPRFRLLEGRHGRVVRVPRARTEPGGSQLVE 
QFTQQDLEDGRLGLEVGRPEGRAPGPAGD (SEQ ID NO: 21) was reverse translated, 
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the resulting DNA sequence synthesized chemically, and ligated into the pdCs-Fc-X 
expression vector using the same restriction sites used in the earlier Examples. A 
translation termination site was added to the 3' end, just after the sequence encoding the 
last amino acid, followed by a unique Xho I site. The final expression plasmid was 
5 electroporated into NS/0 myeloma cells and stable transfectants expressing the desired 
protein were obtained as described in Example 1 . 

Fc-MCSP protein was purified from culture supernatants using protein A 
Sepharose chromatography (Repligen, Needham, MA). Antibody titers were measured in- 
Balb/c mice immunized subcutaneously with 50 jig of Fc-MCSP fusion protein in PBS 
10 either alone or in combination with 5 jig of Fc-GMCSF as an adjuvant. The results are 
shown in Figure 13. The solid diamonds represent antibody titers in a normal serum, the 
open squares represent antibody titers in serum of mice immunized with Fc-MCSP, and 
the solid triangles represent antibody titers in a serum of mice immunized with Fc-MCSP 
and an Fc-GMCSF adjuvant. 

15 Specific immune responses to this sub-region of MCSP were detected by day 14, 

and increased significantly after booster immunization. The results indicate that mice 
immunized with both Fc-GMCSF and Fc-MCSP stimulated higher antibody titers against 
MCSP (solid triangles) than mice immunized with Fc-MCSP alone (open squares). 

Example 10. Immunization With an Fc-Fusion Protein Containing a Viral Antigen 

20 Development of an effective vaccine against human immunodeficiency virus 

(HIV), the virus that causes AIDS, is one of the most important goals in vaccine research. 
Recently, several reports have indicated that certain properties of the virus envelope serve 
to trick the immune response into responding to irrelevant epitopes, thereby masking 
important and potentially neutralizing regions of the virus particle. These include the 

25 presence of highly immunodominant antigenic regions that serve as decoys, and extensive 
glycosylation that physically masks and reduces the immunogenicity of important 
epitopes (Wyatt et al (1 998) NATURE 393:705-1 1). 

One possible way to circumvent the decoy mechanism is to express small regions 
of the virus envelope gene to avoid immunodominant responses that are not protective, 
30 and to induce a neutralizing response. One problem with small subunit vaccines is the 
reduced immunogenicity either as a synthetic peptide or a small protein. One approach 
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has been to couple the proteins or peptides to immunogenic carrier proteins such as 
keyhole limpet hemocyanin (KLH). This induces a strong response to KLH as well due 
to the protein or peptide. Another approach is to make a fusion protein with Fc as 
described in Example 1 for a subregion of , for example, the ectodomain of gp4 1 (the 
5 anchoring domain of the viral envelope, gpl60). Unlike other carriers, the 

immunoglobulin region is seen as "self, thereby minimizing any immunodominance 
effect. 

The Fc-gp41pep626 fusion construct contained a 44 amino acid polypeptide fused 
to the carboxyl terminus of a mouse immunoglobulin Fc region. The sequence of HIV 
10 strain IHB in this region contains a signal for N-linked glycosylation, so that the Fc- 
gp41pep626 fusion protein, produced in either 293 cells by transient expression, or in 
NS/0 myeloma cells by stable transfection, showed a high degree of variation in mobility 
on SDS-PAGE analysis thereby indicating heterogeneity in the extent of glycosylation. 

Despite the fact that this viral antigen was quite small (44 amino acid residues in 
15 length) and was heterogenously glycosylated, it was possible to elicit an immune response 
in Balb/c mice (see, Figure 14). In this case, groups of five mice were injected 
intradermally with 25 jig of Fc-gp41pep626 on day 1, and twice more at two week 
intervals, either alone (open diamonds) or in combination with 2.5 \ig of the Fc-adjuvant 
fusion proteins, Fc-GMCSF (open squares) or Fc-IL2 (solid triangles). Figures 14A and 
20 14B represent antibody titers achieved 7 and 33 days after a second boost, respectively. 

The immune responses were more dependent on the co-administration of Fc- 
cytokines, and took longer to reach a high titer. It is contemplated that higher immune 
responses may be elicited using modifications of this sequence that do not contain the 
glycosylation signal (in fact, many strains do not encode this site) or by enzymatically 

* 

25 removing the carbohydrate side chains in vitro. 
Example 11: Adjuvant Activity of an Fc-Fusion 

Protein Containing the Extracellular Domain of a Cell-Surface Molecule 

To construct Fc-adjuvant fusion proteins, it is sometimes useful to fuse to Fc the 
extracellular domain of a protein that can be membrane-bound. For example, CD40 
30 ligand (CD40L) is fused at the N terminus of C terminus to Fc. A linker is optionally 
used. 
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CD40L is useful because its receptor, CD40, is expressed on the surface of B cells 
and is involved in stimulation of B cells by T cells. Like Tumor Necrosis Factor, CD40L 
is a trimer that causes dimerization or trimerization of its receptor on a cell surface. As a 
result, intracellular receptor domains are brought into contact and signal transduction 
5 results. Also like TNF, CD40L may be membrane-bound but may also be cleaved from 
the cell surface and function like a cytokine. 

An Fc-CD40L fusion protein is co-administered to animals with an Fc-antigen 
fusion protein. In control experiments, the Fc-CD40L protein and the Fc-antigen protein 
are administered to different sets of animals. It is contemplated that animals injected with 
10 both fusion proteins produce a higher titer of antibodies than animals injected with each 
fusion protein individually. 

Alternatively, a single Fc fusion protein containing both an antigen and a CD40L 
moiety is used, with optional linkers (L) between the Fc, CD40L, and antigen moieties. 
The fusion protein may be the N-terminal to C-terminal order Fc-(L)-antigen-(L)-CD40L, 
FC-(L)-CD40L-(L)-antigen,antigen)L)-CD40L-(L)-Fc, CD40L-(L)-antigen-(L)-Fc, 
antigen-(L)-Fc-(L)-CD40L, or CD40L-Fc-(L)-antigen-(L). The fusion protein comprising 
Fc, the antigen, and CD40L is injected into animals and antibody titers then are measured. 
It is contemplated that antibody titers generated by injection of the fusion protein with 
both CD40L and antigen are higher than the titers obtained by injection of fusion proteins 
containing only Fc and antigen or Fc and CD40L. 

In the above administrations of fusion proteins, animals are injected 
intravenously, subcutaneously, or by other appropriate modes of administration. The 
times between the primary and boosting administration of antigens and/or adjuvants and 
the measurement of antibody titers are as described in the previous examples. 
25 Alternatively, standard dosage and assay regimens are used. 

Equivalents 

The invention may be embodied in other specific forms without departing from 
the spirit or essential characteristics thereof. The foregoing embodiments are therefore to 
be considered in all respects illustrative rather than limiting on the invention described 
30 herein. Scope of the invention is thus indicated by the appended claims rather than by the 
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foregoing description, and all changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be embraced therein. 

Incorporation by Reference 

The teachings of all the patent documents and scientific publications referred to 
5 hereinabove are expressly incorporated herein by reference. 
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CLAIMS 

What is claimed is: 

1 1 . A method of enhancing the immunogenicity of a preselected antigen in a 

2 mammal, the method comprising: 

3 administering to the mammal intramuscularly, intravenously, transdermally or 

4 subcutaneously, a fusion protein comprising an immunoglobulin heavy chain constant 

5 region linked by a polypeptide bond to the preselected antigen thereby to elicit an 

6 immune response against the preselected antigen, wherein the preselected antigen in the 

7 fusion protein elicits a stronger immune response in the mammal than the preselected 

8 antigen alone. 

1 2. The method of claim 1 , further comprising administering the fusion protein in 

2 combination with an adjuvant in an amount sufficient to enhance the immune response 

3 against the preselected antigen of the fusion protein relative to the immune response 

4 against the preselected antigen of the fusion protein administered without the adjuvant. 

1 3. The method of claim 2, wherein the fusion protein and adjuvant are administered 

2 simultaneously. 

1 4. The method of claim 2, wherein the adjuvant comprises a fusion protein 

2 comprising an immunoglobulin heavy chain constant region linked by a polypeptide bond 

3 to an adjuvant protein. 

1 5. The method of claim 1 or 4, wherein the immunoglobulin heavy chain constant 

2 region comprises an immunoglobulin hinge region. 

1 6. The method of claim 5, wherein the immunoglobulin heavy chain constant region 

2 comprises an immunoglobulin heavy chain constant region domain selected from the 

3 group consisting of a CH2 domain, a CH3 domain, and a CH4 domain. 

1 7. The method of claim 5, wherein the immunoglobulin heavy chain constant region 

2 comprises a CH2 domain and a CH3 domain. 

1 8. The method of claim 1 or 4, wherein the immunoglobulin heavy chain constant 

2 region is defined by an amino acid sequence corresponding to an amino acid sequence 
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3 defining an immunoglobulin heavy chain constant region present in the same species as 

4 the mammal. 

1 9. The method of claim 8, wherein the amino acid sequence defining the 

2 immunoglobulin heavy chain constant region corresponds to a human immunoglobulin 

3 heavy chain constant region. 

1 1 0. The method of claim 1 , wherein the preselected antigen is selected from the group 

2 consisting of a prostate-specific membrane antigen, an ectodomain of a cytokine receptor, 

3 a viral protein and a tumor-specific protein. 

l 11. The method of claim 4, wherein the adjuvant protein is a cytokine. 

1 12. The method of claim 1 1 , wherein the cytokine is defined by an amino acid 

2 sequence corresponding to an amino acid sequence defining a cytokine present in the 

3 same species as the mammal. 

1 13. The method of claim 1 2, wherein the cytokine is a human cytokine. 

1 1 4. The method of claim 1 , wherein the mammal is a human. 

1 15. A composition for eliciting an immune response against a preselected antigen in a 

2 mammal, the composition comprising an admixture for intramuscular, intravenous, 

■ 

3 transdermal or subcutaneous administration selected from the group consisting of: 

4 (a) an antigen fusion protein comprising an immunoglobulin heavy chain 

5 constant region linked by a polypeptide bond to the preselected antigen admixed with an 

6 adjuvant; and 

7 .(b) a preselected antigen admixed with an adjuvant fusion protein comprising 

8 an immunoglobulin heavy chain constant region linked by a polypeptide bond to an 

9 adjuvant protein. 

1 1 6. The composition of claim 15, wherein the adjuvant of clause (a) comprises a 

2 fusion protein comprising an immunoglobulin constant region linked by a polypeptide 

3 bond to an adjuvant protein. 
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1 17. The composition of claim 1 5, wherein the preselected antigen of clause (b) is 

2 linked by a polypeptide bond to an immunoglobulin heavy chain constant region. 

1 18. The composition of claim 1 5, 1 6 or 1 7, wherein the immunoglobulin heavy chain 

2 constant region comprises an immunoglobulin hinge region. 

1 19. The composition of claim 1 8, wherein the immunoglobulin heavy chain constant 

2 region comprises an immunoglobulin heavy chain constant region domain selected from 

3 the group consisting of a CH2 domain, a CH3 domain, and a CH4 domain. 

1 20. The composition of claim 1 8, wherein the immunoglobulin heavy chain constant 

2 region comprises a CH2 domain and a CH3 domain. 

1 21. The composition of claim 1 5, wherein the adjuvant of clause (a) comprises an 

2 oligonucleotide CpG sequence. 

1 22. The composition of claim 1 5, wherein the preselected antigen is selected from the 

2 group consisting of a prostate-specific membrane antigen, an ectodomain of a cytokine 

3 receptor, a viral protein and a tumor-specific protein. 

1 23. The composition of claim 1 5, wherein the antigen fusion protein of clause (a) or 

2 the adjuvant fusion of clause (b) is linked by a disulfide bond to a second 

3 immunoglobulin heavy chain constant region. 

1 24. The composition of claim 1 5, wherein the adjuvant of clause (a) or the adjuvant 

2 protein of clause (b) is a cytokine. 

1 25. The composition of claim 24, wherein the cytokine is a human cytokine. 

1 26. The composition of claim 15, 16 or 1 7, wherein the immunoglobulin heavy chain 

■ 

2 constant region is defined by a amino acid sequence corresponding to an amino acid 

3 sequence defining a human immunoglobulin heavy chain constant region. 

1 27. A method of enhancing the immunogenicity of a preselected antigen in a 

2 mammal, the method comprising: 



3 administering to the mammal a nucleic acid sequence encoding a fusion protein 

4 comprising an immunoglobulin heavy chain constant region linked to the preselected 
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5 antigen, whereupon expression of the nucleic acid sequence in the mammal results in the 

6 production of the fusion protein, the preselected antigen of which elicits a stronger 

7 immune response than the preselected antigen expressed from a nucleic acid encoding the 

8 preselected antigen alone. 

- 

1 28. The method of claim 27, wherein the nucleic acid encodes in a 5' to 3' direction 

2 the immunoglobulin heavy chain constant region and the preselected antigen. 

1 29. The method of claim 28, wherein the immunoglobulin heavy chain constant 

2 region comprises an immunoglobulin hinge region. 

1 30. The method of claim 27 or 29, wherein the immunoglobulin heavy chain constant 

2 region comprises a heavy chain domain selected from the group consisting of a CH2 

3 domain, a CH3 domain, and a CH4 domain. 

1 31. The method of claim 29, wherein the immunoglobulin heavy chain constant 

2 region comprises a CH2 domain and a CH3 domain. 

1 32. The method of claim 27, wherein the preselected antigen is selected from the 

2 group consisting of a prostate-specific membrane antigen, an ectodomain of a cytokine 

3 receptor, a viral protein and an cancer-specific antigen. 

1 33. The composition of claim 27, further comprising administering the nucleic acid 

2 sequence in combination with an adjuvant. 

1 34. The method of claim 33, wherein the adjuvant comprises a nucleic acid sequence 

2 encoding an fusion protein comprising an immunoglobulin heavy chain constant region 

3 linked to an adjuvant protein. 

1 35. A composition for eliciting an immune response against a preselected antigen in a 

2 mammal, the composition comprising: 

3 (a) a first nucleic acid sequence encoding a fusion protein comprising an 

4 immunoglobulin heavy chain constant region and the preselected antigen, whereupon 

5 expression of the nucleic acid sequence in the mammal results in production of the fusion 

6 protein, the preselected antigen of which elicits a stronger immune response than the 
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7 preselected antigen expressed from a nucleic acid encoding the preselected antigen alone; 

8 and 

9 (b) an adjuvant. 

1 36. The composition of claim 35, wherein the adjuvant comprises a second nucleic 

2 acid sequence encoding a fusion protein comprising an immunoglobulin heavy chain 

3 constant region linked by a peptide bond to an adjuvant protein. 

1 37. The composition of claim 35 or 36, wherein the immunoglobulin heavy chain 

2 constant region comprises an immunoglobulin hinge region. 

1 38. The composition of claim 35 or 36, wherein the immunoglobulin heavy chain 

2 constant comprises an immunoglobulin heavy chain domain selected from the group 

3 consisting of a CH2 domain, a CH3 domain, and a CH4 domain. 

1 39. The composition of claim 37, wherein the immunoglobulin heavy chain constant 

2 comprises an immunoglobulin heavy chain domain selected from the group consisting of 

3 a CH2 domain, a CH3 domain, and a CH4 domain. 

1 40. The composition of claim 35, wherein the preselected antigen is selected from the 

2 group consisting of a prostate-specific membrane antigen, an ectodomain of a cytokine 

3 receptor, a viral protein and a cancer-specific antigen. 

1 41. The composition of claim 36, wherein the adjuvant protein is a cytokine. 

1 42. The composition of claim 35, wherein the first nucleic acid sequence is operably 

2 disposed within a replicable expression vector. 

1 43. The composition of claim 36, wherein the second nucleic acid sequence is 

2 operably disposed within a replicable expression vector. 

1 44. A method for enhancing the immunogenicity of a preselected antigen in a 

2 mammal, the method comprising: 

3 administering to a mammal, either simultaneously or sequentially, a first fusion 

4 protein comprising an antigen protein with a localizing protein, and a second fusion 

5 protein comprising an adjuvant protein and said localizing protein, said localizing protein 
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6 causing an increase in concentration of said first and second fusion proteins in a region of 

7 the mammal accessible to the immune system. 

1 45. A method for enhancing the immunogenicity of a preselected antigen in a 

2 mammal, the method comprising: 

3 administering to a mammal a fusion protein comprising an antigen protein, an 

4 adjuvant protein and a localizing protein, said localizing protein causing an increase in 

5 concentration of said antigen and adjuvant proteins in a region of the mammal accessible 

6 to the immune system. 
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SEQUENCE LISTING 

<110> Gillies, Stephen D. 
Lo, Kin -Ming 
Wesolowski, John 
Lexigen Pharmaceuticals Corp. 

<120> Fc Fusion Proteins For Enhancing the Immunogenicity of 
Protein and Peptide Antigens 

<130> LEX-007PC 

<140> 
<141> 

<150> US 60/144,965 
<151> 1999-07-21 

<160> 22 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : I L- 4 R primer 
<400> 1 

gtcccgggta tgaaggtctt gcaggagc 28 

<210> 2 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : IL-4R primer 
<400> 2 

cccctcgagc tagtgctgct cgaagggctc cctg 34 

<210> 3 
<211> 23 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : PSMA primer 
<400> 3 

aagcttaaat cctccaatga age 23 

<210> 4 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



<220> 



WO 01/07081 



PCT/US00/19816 



<223> Description of Artificial Sequence : PSMA primer 



<400> 4 

ctcgagttag gctacttcac tcaaag 



26 



<210> 5 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : EpCAM primer 

<400> 5 

ccccgggtaa acaggaagaa tgtgtctgtg 30 

<210> 6 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : EpCAM primer 



<210> 7 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : EpCAM primer 
<400> 7 

tctagagcag catggcgccc ccgc 24 

<210> 8 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : EpCAM primer 



<210> 9 

<211> 148 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : DNA encoding 
amino acid residues 626-669 of HIV IIIB gp41 



<400> 6 

ctcgagtcat tttagaccct gcattgag 



28 



<400> 8 

ccttaagcac cctgcattga gaattcag 



28 



<400> 9 

cccgggatcc ctgatccact ccctgatcga ggaatcccag aaccagcaag agaagaacga 60 
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gcaggagctg ctggagctcg acaagtgggc ctccctgtgg aactggttca acatcaccaa 120 
ttggctgtgg tacatcaagt gactcgag 148 

<210> 10 
<211> 44 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Fused 
polypeptide from pdC-muFC vector 

<400> 10 

Ser Leu lie His Ser Leu lie Glu Glu Ser Gin Asn Gin Gin Glu Lys 
15 10 15 

Asn Glu Gin Glu Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu Trp Asn 

20 25 30 

Trp Phe Asn lie Thr Asn Trp Leu Trp Tyr lie Lys 
35 40 



<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primers for 
mouse IL2 



<400> 11 

ggcccgggta aagcacccac ttcaagctcc 

<210> 12 
<211> 25 
<212> DNA 

<213> Artificial Sequence 



30 



<220> 

<223> Description of Artificial Sequence : Primer for 
mouse IL2 

<400> 12 

ccctcgagtt attgagggct tgttg 25 

<210> 13 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer for 
mouse GMCSF 

<400> 13 

cccgggaaaa gcacccgccc gctcaccc 28 



<210> 14 
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<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer for 
mouse GMCSF 

<400> 14 

ctcgagtcat ttttggcttg gttttttgc 29 

<210> 15 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer for 
mouse Flt3 ligand 

<400> 15 

caagcttaca cctgactgtt acttcagc 28 

<210> 16 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer for 
mouse Flt3 ligand 



<400> 16 

ctcgagtcaa ggctctggga gctccgtggc 

<210> 17 
<211> 28 
<212> DNA 

<213> Artificial Sequence 



30 



<220> 

<223> Description of Artificial Sequence : Primer for 
mouse IL-12p35 

<400> 17 

ccccgggtag ggtcattcca gtctctgg 28 
<210> 18 

<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer for 
mouse IL-12p35 

<400> 18 

ctcgagtcag gcggagctca gat age 26 



<210> 19 
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-5- 

<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer for 
mouse IL12 p40 

<400> 19 

tctagaccat gtgtcctcag aagctaac 28 

<210> 20 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer for 
mouse IL12 p40 

<400> 20 

ctcgagctag gatcggaccc tgcag 25 

<210> 21 
<211> 83 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :MSCP peptide 
<400> 21 

Gin Gly Ala Thr Leu Arg Leu Asp Pro Thr Val Leu Asp Ala Gly Glu 
15 10 15 

Leu Ala Asn Arg Thr Gly Ser Val Pro Arg Phe Arg Leu Leu Glu Gly 

20 25 30 

Arg His Gly Arg Val Val Arg Val Pro Arg Ala Arg Thr Glu Pro Gly 
35 40 45 

Gly Ser Gin Leu Val Glu Gin Phe Thr Gin Gin Asp Leu Glu Asp Gly 
50 55 60 

Arg Leu Gly Leu Glu Val Gly Arg Pro Glu Gly Arg Ala Pro Gly Pro 
65 70 75 80 

Ala Gly Asp 



<210> 22 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence roligodeoxynucleotide that may be used as 
an adjuvant 
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<400> 22 

tccatgacgt tcctgacgtt 
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